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Tue Lisrary COMMITTEE 
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1Be Je |otsi 

M. M. METCALF. 

A. H. StTurtTEVANT. 


Hye ACh On INCORPORATION 
No. 3170 


CoMMONWEALTH OF MASSACHUSETTS 


Be It Known, That whereas Alpheus Hyatt, William Sanford Stevens, 
William T. Sedgwick, Edward G. Gardiner, Susan Minns, Charles Sedg- 
wick Minot, Samuel Wells, William G. Farlow, Anna D. Phillips and B. 
H. Van Vleck have associated themselves with the intention of forming 
a Corporation under the name of the Marine Biological Laboratory, for 
the purpose of establishing and maintaining a laboratory or station for scien- 
tific study and investigation, and a school for instruction in biology and 
natural history, and have complied with the provisions of the statutes of this 
Commonwealth in such case made and provided, as appears from the cer- 
tificate of the President, Treasurer, and Trustees of said Corporation, duly 
approved by the Commissioner of Corporations, and recorded in this office; 

Now, therefore, I, Henry B. Pierce, Secretary of the Commonwealth 
of Massachusetts, do hereby certify that said A. Hyatt, W. S. Stevens, 
W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S. Wells, W. 
G. Farlow, A. D. Phillips, and B. H. Van Vleck, their associates and suc- 
cessors, are legally organized and established as, and are hereby made, an 
existing Corporation, under the name of the MARINE BIOLOGICAL 
LABORATORY, with the powers, rights, and privileges, and subject to 
the limitations, duties, and restrictions, which by law appertain thereto. 

Witness my official signature hereunto subscribed, and the seal of the 
Commonwealth of Massachusetts hereunto affixed, this twentieth day of 
March, in the year of our Lord One Thousand Eight Hundred and Eighty- 
Eight. 

[SEAL ] 
HENRY, By PIPRCE; 
Secretary of the Commonwealth. 


Li BY-wAW Ss OF THE CORPORATION OF fab MARINE 
BIOLOGICAL LABORATORY 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 11.30 A.M., 
daylight saving time, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk to serve one year, and eight Trustees 
to serve four years. There shall be thirty-two Trustees thus chosen divided 
into four classes, each to serve four years, and in addition there shall be two 
groups of Trustees as follows: (a) Trustees ex officio, who shall be the 
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President of the Corporation, the Director of the Laboratory, the Associate 
Director, the Treasurer and the Clerk; (b) Trustees Emeritus, who shall be 
elected from the Trustees by the Corporation. Any regular Trustee who 
has attained the age of seventy years shall continue to serve as Trustee 
until the next annual meeting of the Corporation, whereupon his office as 
regular Trustee shall become vacant and be filled by election by the Cor- 
poration and he shall become eligible for election as Trustee Emeritus for 
life. The Trustees ex officio and Emeritus shall have all rights of the 
Trustees except that Trustees Emeritus shall not have the right to vote. 

The Trustees and officers shall hold their respective offices until their 
successors are chosen and have qualified in their stead. 

II. Special meetings of the members may be called by the Trustees to 
be held in Boston or in Woods Hole at such time and place as may be 
designated. 

III. The Clerk shall give notice of meetings of the members by pub- 
lication in some daily newspaper published in Boston at least fifteen days 
before such meeting, and in case of a special meeting the notice shall state 
the purpose for which it is called. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the affairs 
of the Corporation; they shall present a report of its condition at every 
annual meeting; they shall elect one of their number President of the Cor- 
poration who shall also be Chairman of the Board of Trustees; they shall 
appoint a Director of the Laboratory; and they may choose such other officers 
and agents as they may think best; they may fix the compensation and 
define the duties of all the officers and agents; and may remove them, or 
any of them, except those chosen by the members, at any time; they may 
fill vacancies occurring in any manner in their own number or in any of 
the offices. They shall from time to time elect members to the Corporation 
upon such terms and conditions as they may think best. 

VI. Meetings of the Trustees shall be called by the President, or by 
any two Trustees, and the Secretary shall give notice thereof by written 
or printed notice sent to each Trustee by mail, postpaid. Seven Trustees 
shall constitute a quorum for the transaction of business. The Board of 
Trustees shall have power to choose an Executive Committee from their 
own number, and to delegate to such Committee such of their own powers 
as they may deem expedient. 

VII. The accounts of the Treasurer shall be audited annually by a 
certified public accountant. 

VIII. The consent of every Trustee shall be necessary to dissolution 
of the Marine Biological Laboratory. In case of dissolution, the property 
shall be disposed of in such manner and upon such terms as shall be de- 
termined by the affirmative vote of two-thirds of the Board of Trustees. 

IX. These By-laws may be altered at any meeting of the Trustees, pro- 
vided that the notice of such meeting shall state that an alteration of the 
By-laws will be acted upon. 

X. Any member in good standing may vote at any meeting, either in 
person or by proxy duly executed. 
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To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY: 


Gentlemen: Herewith is submitted my report as Treasurer of the 
Marine Biological Laboratory for the year 1932. 

The accounts have been audited by Messrs. Seamans, Stetson, and 
Tuttle, certified public accountants, and a copy of their report is on file 
at the Laboratory and is open to inspection by members of the Corpora- 
tion. 

At the end of the year 1932, the book value (cost) of the general 
Endowment Fund in the hands of the Central Hanover Bank and Trust 
Company as Trustee, was $906,415 in securities, and $311.49 in cash. 

The book value (cost) of the Library Fund, was $195,949.19 in 
securities, and $127.56 in cash. 

All of the income due during the year on the general Endowment 
Fund and on the Library Fund was collected with the exception of 
interest amounting to $791.00 on a mortgage belonging to the general 
Endowment Fund. 

The Reserve Fund consisted of securities of the book value (cost) 
of $19,671.13 and cash of $1,623.59. 

The Retirement Fund consisted of mortgages of the book value of 
$19,300 and cash of $2,413.62. 

There has been no change in the investments of the other minor 
funds. 

The land, buildings, equipment and library, excluding the Gansett 
and Devil’s Lane tracts, represented an investment of $1,683,017.56, less 
depreciation of $327,455.68, or a net amount of $1,355,561.88. 

Current expenses including $41,051.48 depreciation exceeded income 
by $24,585.55. Over $40,000 was expended from current funds in the 
acquisition of real property, alterations and additions to the electric sys- 
tem of the pumping station and Laboratory, on new equipment and on |. 
books, of which over $18,000 was expended for books. 

At the end of the year the Laboratory owed $27,000 on bond and 
mortgage, and in accounts payable $8,921.41, most of which was a de- 
ferred liability to be paid one half in 1933 and the balance in 1934, and 
had $14,316.33 current funds in its bank accounts. Following is the 
balance sheet as of December 31, 1932, and the condensed statement of 
income and outgo for the year, also the surplus account. 
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Martine BiotocicaL LaBoraToRY BALANCE SHEET, 
DECEMBER 31, 1932 


Assets 


Endowment Assets and Equities: 
Securities and Cash in Hands of Central Hanover 
Bank & Trust Company (of New York), 
Trustee—Schedules I-a and I-b ............ $1,102,803.24 
Securities and Cash—Minor Funds—Schedule II 10,698.88 $1,113,502.12 


Plant Assets: 


ILeing-——Scnedile II “Gecassaacacccs $ 98,103.05 
Buildings—Schedule IV .......... 1,224,618.42 
Equipment—Schedule IV ......... 167,229.03 
ILaloreaney——Someaholle, IDV nacecosasce 193,067.06 $1,683,017.56 
Less Reserves for Depreciation ................. 327,455.68 
$1,355,561.88 
Securities and Cash in Reserve Fund ........... 21,294.72 
Cash in Dormitory Building Fund .............. 818.96 $1,377,675.56 
Current Assets: 
(CIS) ni ep ana eet ABE i ec ORR Sr SAS Ne Arta ce $ 14,816.33 
Accounts—Receivable ©........--5.0+----4-+--- 10,449.87 
Inventories : 
Supply Department .......... $ 38,310.30 
Eivolosicale ulletine ss ere- cece 9,062.55 47,372.85 
Investments : 
Devil’s Lane Property ........ $ 40,782.48 
Gansett Property ............ 5,103.29 
Stock in General Biological 
Supply House, Inc. ...... 12,700.00 
Retirement Fund Assets ...... 21,713.62 80,299.39 
IBepardialnstigancenpe center acesscienierae meme 3,540.16 
itenismint Suspense n@Niet) mien come ene 291.39 $ 156,769.99 
$2,647 ,947.67 
Liabilities 
Endowment Funds: 
General Endowment Funds—Schedule III ....... $1,102,803.24 
Minor Funds—Schedule III .................... 10,698.88 $1,113,502.12 
Plant Funds: 
Donations and Gifts—Schedule III ............. $1,029,372.61 
Other Investments in Plant from Gifts and Cur- 
OM EMEA UITAG SIM rester charac rani Masiaetnmeeretat aren eens 346,302.95 
$1,375,675.56 
Miorteacey Danchakof (states ce. -s.6 aa- ac -t 2,000.00 $1,377,675.56 


Current Liabilities and Surplus: 
Mortgage, Devil’s Lane Property .............. $ 25,000.00 
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Accounts—Payable: 


Gunpenteee eee mee smie ss heals ou Sie al SG 
Hixon Electric Company, De- 
ITER GL” PRs CHIC eae 7,345.00 8,921.41 
Woods Hole Oceanographic Institution : 
Amounts received for Purchase 
OLMBOOKSar cee meets ss cts 8 $ 6,000.00 
Besspibayanents: v: aleacons esc hs 5,457.45 542.55 
$ 34,463.96 
Current jSurplus—Exbibit ©) 25.6. .ee cece us 122,306.03 $ 156.769.99 
$2,647 ,947.67 
IDRC SUNED 12 


MarINE BroLocicAL Laporatory INCOME AND EXPENSE, 
YEAR EnpepD DEeceMBER 31, 1932 


Total 
Expense Income 
Income: 

General Endowment Fund .. $ 47,013.66 

Meibrataye Humes 5.) hoe as ses se ae 8,655.26 
(Gunhigy! AR a Seats oeisine caer cree sine 400.00 
IMS ERUCELONS Paci oeicvacc eevee oeiciaes 8,417.64 9,930.00 
INESCAT CHO im errr oan guna is 4,006.10 13,425.00 
Byenine Wectures 25.5022. . 4st 182.50 
Biological Bulletin and Mem- 

bership Dues .............. 8,485.33 9,929.71 
Supply Department— 

Schedule Oil e ee sae ee ta en 46,644.84 43,944.55 
Mess—Schedule VI .......... 24,211.48 26,821.84 
Dormitories—Schedule VII ... 31,732.05 12,933.23 

(Interest and Depreciation 
charged to above Three 
Departments. See Sched- 

Wiles Vie Vieand vill) es SO,026:68 
Dividends, General Biological 

Supply House, Inc. ......... 2,032.00 
Rents : 

Danchakoff Cottages ....... 253.43 515.00 

IME GROSCOPES ULE pass te ieee ale 458.25 

Garage, Railway, ete) <->... 345.30 

Newman Cottage .......... 69.67 200.00 

Janitor’s House ............ 34.61 375.00 
Interest on Bank Balances .... 132.90 
Sales of Duplicate Library Sets 26.38 
Suan etesiee ae aweiet eto cectaee Sa lechaks 35.24 
Maintenance of Plant: 

New Laboratory Expenses .. 21,850.49 


Chemical and Special Appa- 


ratus 10,141.22 


Net 
Expense Income 


$ 47,013.66 
8,655.26 
400.00 
1,512.36 
9,418.90 
182.50 


1,444.38 


2,700.29 
2,610.36 
18,798.82 


36.026.61 
2,032.00 


261.57 
458.25 
345.30 
130.33 
340.39 
132.90 

26.38 

35.24 


21,850.49 
10,141.22 
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Maintenance, Buildings, and 


Grounds sce aac 9,073.44 9,073.44 
Library Department Expenses 8,864.80 8,864.80 
Carpenter Department Ex- 

MEMSES ve ire Nisei eee crete 1,071.11 1,071.11 
cick sexpenses: sesiene ane « 970.53 970.53 
Sundry Expense ............ 81.07 81.07 
Workmen’s Compensation In- 

SULANICe evs « semua era 624.01 624.01 
Pumping Station Expense ... 114.19 114.19 

General Expenses: 
Administration Expenses ... 15,137.10 15,137.10 
Endowment Fund Trustee ... 968.50 968.50 
Interest on Loans .......... 100.00 100.00 
IBEVGUIDIEONS “COR GaM ROB ee on oe 321.16 321.16 
Mosquito Fund Contribution . 100.00 100.00 
Naples Zoological Station ... 250.00 250.00 

Reserve for Depreciation ...... 41,051.48 41,051.48 

iWbewetbia IDEM Socbabennae 3,028.73 3,028.73 


$201.758.87 $177,173.32 $135,429.44 $110,843.89 
Excess of Expenses over In- 
come carried to Current Sur- 


pluis——Madaibit Coie. ae ser 24,585.55 24,585.55 
$201,758.87 $201.758.87 $135,429.44 $135,429.44 
ss C 


MarINnE BIOLOGICAL LABORATORY, CURRENT SURPLUS ACCOUNT 
Year ENDED DEcEMBER 31, 1932 


Balance iamearyal WOS2* Won iyie Sook lat csle ci anareece tepulcne eae tea i cree $141,346.02 
Add: 
Reserve for Depreciation charged to Plant Funds ............... 41,051.48 
Original cost of 216,858 square feet of land in Gansett Tract re- 
meine Cyn lnehal \enarcenmy J IOS see) socucomsoccsucc onde 4,977.35 
$187,374.85 
Deduct : 


Payments from Current Funds during Year for Plant 
Assets as shown in Schedule IV: 


Mand—Kahler state: Yi 5 5 eles esis siete $ 1,000.00 
Buildings : 
alnlerimestaten yer cuntiarualse sn valen teva eee 7,266.57 


Alterations and Additions to Electric Sys- 
tem of Pumping Station and Labora- 


© SUCK ay SA cee Cora eG Ue aie mB) PRES ie 8,553.00 

Othe mplitemnSintees occ areas takes arse aE 1,244.71 

\ [Ee BUGpvanYesalleY i Ses Greate Die etc een NER ea 4,263.55 
Mi brany vB OOks. tC ane sro ane salon aun 18,024.49 


$40,352.32 
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Pensions and Allowances Paid ............ $1,040.00 
Less Income of Retirement Fund ..... 909.05 130.95 
Excess of Expenses over Income for Year as shown 
Thal JES ino IBA EAN bch oi ich BO aR “ara reeyenn a een 24,585.55 65,068.82 
Balance, December 31, 1932—Exhibit A ...................0cccececs $122,306.03 


Respectfully submitted, 
LAWINASON RIGG Se ike 


Treasurer. 


We ANUS, IRIE OURO ON Isle, Wale Ae TANI 


The sum of $24,000 again allowed by the Executive Committee for 
the year 1932 was budgeted by the Librarian in figures identical with 
the year before. Examination of the account books kept by the Libra- 
rian will show, however, that about $1,000 in each of the years 1931 
and 1932 ($1,068.68 and $1,074.16 respectively) was not expended on 
the Library at the end of the year. The money was not readily avail- 
able for Library purposes. The Laboratory has never charged against 
the Library carpentry work and expenditures for permanent equipment 
and has always cooperated with the Library in emergency purchases. 
Moreover, the number of “ Biological Bulletin” subscriptions allowed 
the Library has increased in actual money value from $1,470.15 in 1926 
to $4,233.34 in 1932, transferred to the Library in the form of current 
serial exchanges. When the end of the year came without outstanding 
bills to demand the complete sum, it seemed best to follow a procedure 
usual in business budgeting, and to start the new year without a surplus 
left over from the year before. The Librarian contributed somewhat 
to this surplus, also, by an economy in library personnel, allowing a posi- 
tion made vacant in the Fall of 1932 to remain unfilled. The vacancy 
will remain also through 1933. 

The Woods Hole Oceanographic Institution appropriation of $1,000 
for the year 1932-33 (March to March) added to the balance from their 
$5,000, appropriated in 1930, $1,431.99 in all, was expended as follows: 
Books (including old), $292.54; Current Serials, $318.64; Binding, 
$117.92 ; Back Sets, $702.89; Total, $1,431.99. 

At the end of the year 1932, the Library contained 36,014 volumes 
and 76,275 reprints. Of the volumes, 5,601 are books and 30,413 bound 
back sets of serials. Of the reprints, 2,500 are bound and 73,775 in 
pamphlet form protected in boxes. The estimate of volumes is made 
direct from the accession stamp, that of the reprints from count. In the 
first report, that of 1919-20, containing a statement of the total holdings 
of the Library, the reprints, which had heretofore been entered in acces- 


10 MARINE BIOLOGICAL LABORATORY 


sion with the books and serials and in the same sequence, were segre- 
gated as pamphlets, and the accession number used only for a count of 
books and bound serial volumes. A round number, 5,000, was sub- 
tracted from the accession number to make the record of volumes cor- 
rect. Since that time, we have not counted the reprints as among the 
volumes of the Library, not even in cases where they are bound, and 
many of them of good size, 200-500 pages. When the reprints that are 
bound, whether pamphlet size or book size, reach 5,000, the subtraction 
of 5,000 from our accessioned volumes can be cancelled and from that 
point on, all bound reprints be automatically counted by the accession 
stamp (an R1—R5,000 count is being made now in the reprints as they 
are being bound). It will be a great satisfaction to reach the 5,000 mark 
in bound reprints because from that point on the accession number will 
at any moment show the actual number of bound volumes in the Library. 
None-the-less, a separate count each year of the new books, serial bind- 
ing, and reprint binding can be made automatically from our records. 
The record will be kept also of total reprints just as heretofore. 

Twelve new serials bring the total current journals to 1,126: paid 
Marine Biological Laboratory subscriptions, 362; exchanges, 586; gifts, 
147; paid Woods Hole Oceanographic Institution .subscriptions, 31. 
Back sets of 86 serials were purchased: for the Marine Biological Lab- 
oratory, 48 were completed, and 31 partially filled in; for the Woods 
Hole Oceanographic Institution, 3 were completed, and 4 partially filled 
in. As we stated in the report for 1927, extensive hand-books and ex- 
peditions that continue to be issued serially, are included in their current 
issues in the count of current serials. Of the total number of current 
serials, 63 are of this nature in the Marine Biological Laboratory pur- 
chases, and 3 for the Woods Hole Oceanographic Institution. The new 
books added to the Library were 263; 201 (nearly all current) by the 
Marine Biological Laboratory and 62 by the Woods Hole Oceanographic 
Institution. 

Dr. Metcalf’s library presented by him to the Marine Biological 
Laboratory is the finest gift of books and reprints that the Library has 
ever received. During the past five years, he has sent to us 9,200 re- 
prints, 277 books, and some very fine runs in serial back sets. This in- 
cludes many publications in subjects other than Dr. Metcalf’s special 
subjects of pelagic Tunicates and of Protozoa. Part of his card cata- 
logue and the cases he gave with them are already in use in the reading- 
room and offices. 

Miss Margaret Sumwalt presented 50 reprints to the Library when 
she left the Laboratory in the Fall. Another very acceptable gift was 
made through the cooperation of Dr. T. S. Palmer and Dr. Herbert 
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Friedmann. Ten volumes of “ Auk” were presented that were needed 
to complete the second series of this journal. The Library is indebted 
to five authors who kindly presented books, and two publishers and 
authors in combined gift; from publishers, thirteen books were pre- 
sented and we wish to acknowledge with thanks books sent by the 
following publishers : 


ID, IBiklignonis Som we (Comme Geaacosossdoccnssdunccoqucens 2 
Doubleday, Doran & Company, Inc. ...................00000 1 
eae Some vo rks cutee core esse cae Sirsa ae ee AAS bs OT Oe Zz 
PBR Me ippinco tte Compatiys so... o8 ssc ictese eecteraiselae nose: 1 
Nic Gaulle Winiviersity, mPGeSS) ste.o/6 cia,.1< snc sos saosin 1 
McGraw-Hill Book Company ...................c00ccceeees 1 
Dias Winellie (Compete Gosneeudenne soosscaovoanoooouceuee 2 
Ineny ILome we IRicnermcl IR, Sraondey, Ie, ¢.cccecocoornouonncnuene 2, 
Wiselseu Saundensm Gomparniye os... scnci unites scene renee sees 1 


Vie ibe ORD “OF. iriy Dias Cir@k: 


To THE TRUSTEES OF THE MaRINE BioLocicaL LABORATORY : 

Gentlemen: I beg to submit herewith a report of the forty-fifth ses- 
sion of the Marine Biological Laboratory for the year 1932. 

1. Attendance. Reference to previous annual reports will show that 
the number of investigators in attendance at the Laboratory increased 
steadily from 176 in 1923 to a maximum of 362 in 1931—a gain of 106 
per cent in 8 years. In 1932, for the first time since the World War, 
there was a-sharp drop in the registration of investigators, which 
brought their number back to approximately that of 1928. This falling 
off in attendance is to be attributed chiefly, if not wholly, to the un- 
favorable financial conditions existing in most American universities 
which, though beginning somewhat earlier, became especially serious in 
1932. It is to be noted that the decrease was proportionately much 
greater in the case of the younger beginning investigators and research 
assistants, where it amounted to approximately 20 per cent, than in that 
of the older so-called independent investigators in which it was only 10 
per cent. This difference is what might have been expected from the 
fact that the enforced economies of the universities up to and including 
1932 had affected most adversely the younger men. ‘There are indica- 
tions at the time of the writing of this report that university conditions 
in 1933 will be even worse than in 1932 and that a further decline in at- 
tendance in the class of independent investigators may therefore be an- 
ticipated. During the existence of this very real emergency it has been 
the policy of the Laboratory, to the extent permitted by its own re- 
sources, to reduce to a minimum the financial burdens of those of its 
investigators whose scientific work has already been handicapped by 
inadequate university support. 
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As contrasted with the registration of investigators, that of students 
in the courses in 1932 remained at its usual level, since although there 
was some reduction in the number of applicants, these still remained 
considerably in excess of the number of available places in most of the 
courses. 

As in past years, the rise and fall of the attendance of investigators 
and research assistants by approximately 10-day intervals is shown in 


tabular form. 
1927) 1928" 1929) S19S0Ry aS siay 1932 


May Opa! 271 15 9 6 6 8 
June LO} eo 64 55) 50 51 54 
fe 20ers 140 139 158) 15s) 27, 
os SOTa sans 22 240 197 208 217 172 
July LO ees W247, 281 238 253 258 225 
4 ZO ar e247, 282 242 250 273 245 
i Omar 245 212 249 253 281 248 
August LOW ee (234 250 256 254 302 Za) 
i MD) sodc 208 226 243 245 280 236 

s 30) sb06 MGS 183 220 204 239 190 
September 10) -::. 110 IZ, 157 122 136 129 
Si 20h oO 43 59 44 69 58 

a BOF awe lZ 14 14 8 14 13 


2. The Report of the Treasurer. As anticipated in 1931, it has been 
impossible for the Laboratory to maintain its very favorable financial 
showing of that year. During 1932 two of its three chief sources of 
income have undergone marked reductions. These are first, the sub- 
scriptions received from Codperating and Subscribing Institutions, 
which fell from $15,975.00 in 1931 to $11,625.00 in 1932. Knowing 
the serious financial problems that have had to be met by most of these 
institutions, the Laboratory acknowledges with especial gratitude the 
very generous degree of support that has been continued in spite of the 
present unfavorable conditions. Secondly, the loss in income from the 
sale by the Supply Department of biological material to schools and col- 
leges has been of considerable magnitude. This loss is due partly to the 
decreased purchasing power of educational institutions and partly to the 
very severe competition from commercial firms, which under the present 
abnormal conditions are frequently willing to sacrifice fair and reason- 
able profits in order to be able to continue their business at all. The 
third chief source of revenue of the Laboratory, namely, the income re- 
ceived from investments, showed no great falling-off in 1932; but cer- 
tain unavoidable losses from this source are anticipated in 1933. 
Though, on the whole, the Laboratory has fared much better during 
the present business depression than most other educational and scien- 
tific institutions, the need of the strictest economy has been felt, and in 
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the budget for 1933 approved by the Executive Committee late in the 
summer of 1932, and subsequently several times revised, every effort 
has been made to keep the expenditures of the Laboratory within its 
income. While the carrying out of this policy may result in some 
minor inconveniences to both investigators and students, it is believed 
that neither research nor instruction will be seriously handicapped unless 
conditions should become considerably worse than they are at the time 
of the preparation of this report. 

3. The Report of the Librarian. The progress of the Library dur- 
ing the past year, especially in its relation to that of previous years, may 
perhaps best be shown in the tabular form adopted in previous reports. 


1925) 91920) 1927) 1828 91929 9S 0) LOS 932 


Serials received cur- 


TSMIKY | Sign elas Boa 500 628 #764 874 985 1060 1080’ 1126 
Total number of bound 

OUTS. Pati ci te 15000 18200 22800 26500 28300 31500 33800 36000 
NG piiinicmets Jeers oat. lee 25000 38000 43000 51000 59000 64000 70000 76000 


Additional grateful acknowledgment is here made of the very gen- 
erous gift of Dr. M. M. Metcalf mentioned above in the report of 
Librarian. 

4. Purchases of Property. In March, 1932, a valuable addition to 
the land owned by the Laboratory was made by the purchase of the 
Kahler property (approximately 45 by 79 feet) facing the Eel Pond 
and lying between the New Dormitory and the Hubbard property ac- 
quired in 1924. The holdings of the Laboratory on East Street are 
now unbroken and the possibilities for the advantageous erection of 
new buildings in the future are greatly increased. For the present the 
house already on this property is being used as a men’s dormitory. 

5. Changes in the Electrical System. During the spring of 1932 
important changes were made in the electrical system of the Laboratory, 
at a cost which, spread over a period of three years, will amount to 
slightly less than $15,000.00. These changes had as their chief objects: 
(1) increasing the capacity and flexibility of the system and in particu- 
lar providing an adequate source of alternating current for the operation 
of the enlarged X-ray plant, etc., (2) prevention of the rapid deteriora- 
tion of the storage battery, which with the growth of the Laboratory had 
become seriously overloaded, (3) securing a constant voltage for cer- 
tain types of scientific work which were difficult or impossible to carry 
on with the existing arrangements, (4) provision for the operation of 
the salt water pumps at all hours, thereby eliminating the serious short- 
ages of sea water which with the growth of the Laboratory were oc- 
curring with increasing frequency, (5) securing a lower cost of opera- 
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tion of the plant. The experience of the past summer indicates that all 
of these objects have been attained, and the thanks of the Laboratory are 
due to Dr. Pond who, with the able assistance of Mr. Larkin, so suc- 
cessfully handled the various complicated problems that arose in con- 
nection with this work. 

6. Technical Manager. With the increasing complexity of the 
methods and apparatus used in biological work, the need has become 
urgent for a person who can devote a larger amount of his time to the 
design and care of special apparatus and to other technical needs of the 
Laboratory and its investigators than one in residence merely during the 
summer months. The Laboratory has been fortunate in securing in this 
capacity, with the title of Technical Manager, Dr. S. E. Pond who for 
7 years has served as Custodian of Apparatus, and whose experience in 
this special field is almost unique. Dr. Pond will be in permanent resi- 
dence in Woods Hole, where, in addition to his duties in connection with 
the various technical problems of the Laboratory relating to research, he 
will continue his own investigations in the field of calcification. This 
important addition to the staff of the Laboratory will do much not only 
to facilitate the work of its investigators during the regular summer sea- 
son, but to make available its special facilities to properly qualified work- 
ers at other times of the year. 

7. Lectures and Scientific Meetings. During the summer of 1932 
there were given 10 regular evening lectures in addition to 54 shorter 
scientific papers in which recently completed work was reported by 
investigators. As in 1931, a special all-day scientific session near the 
end of the season, devoted primarily to work accomplished during the 
summer, was most successful. The Spaeth Memorial Lecture for 1932 
was delivered by Professor Richard Goldschmidt of Berlin-Dahlem. 

8. Board of Trustees. During 1932 three Trustees of long stand- 
ing, Dr. H. C. Bumpus, Dr. R. A. Harper, and Dr. M. M. Metcalf, were 
honored by being elected Trustees Emeritus by the Corporation. The 
vacanicies so created were filled at the same meeting by the election of the 
following new Trustees: Dr. W. C. Allee (Class of 1935), Dr. H. B. 
Bigelow (Class of 1936), and Dr. Franz Schrader (Class of 1934). It 
is with deep regret that record is here made of the death of Dr. William 
Patten of Dartmouth College, who for many years rendered valuable 
services to the Laboratory as a Trustee and otherwise, and who in 1930 
became a Trustee Emeritus. 


There are appended as parts of this report: 


ll; Wage Sienat, WWE 
2. Investigators and Students, 1932. 
3. A Tabular View of Attendance, 1928-1932. 
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4, Subscribing and Cooperating Institutions, 1932. 
SE venice Weetures, 1932: 
6. Shorter Scientific Papers, 1932. 
7. Members of the Corporation, August, 1932. 
Respectfully submitted, 
M. H. Jacoss, 
Director. 
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MerkKEL H. Jacoss, Director, Professor of General Physiology, University 
of Pennsylvania. 
Associate Director: 


LZOOLOGM 
I. INVESTIGATION 


Gary N. Carxins, Professor of Protozodlogy, Columbia: University. 

E. G. Conxiin, Professor of Zodlogy, Princeton University. 

CASWELL Grave, Professor of Zoology, Washington University. 

H. S. Jennines, Professor of Zodlogy, Johns Hopkins University. 

FRANK R. Lititz, Professor of Embryology, the University of Chicago. 

C. E. McCune, Professor of Zodlogy, University of Pennsylvania. 

S. O. Mast, Professor of Zodlogy, Johns Hopkins University. 

T. H. Morean, Director of the Biological Laboratory, California Institute 
of Technology. 

.G. H. Parker, Professor of Zoology, Harvard University. 

E. B. Witson, Professor of Zoology, Columbia University. 

Loranpve L. Wooprurr, Professor of Protozodlogy, Yale University. 


Il. INSTRUCTION 


. H. BissonnetTE, Professor of Biology, Trinity College. 

C. Corr, Professor of Biology, Williams College. 

. R. CoonFIELD, Instructor in Biology, Brooklyn College. 

. E. Nextsen, Instructor in Zodlogy, University of Pennsylvania. 

. W. Po.iister, Instructor in Zoology, Columbia University. 

P. Say tes, Instructor in Biology, College of the City of New York. 

. E. SEvERINGHAUS, Assistant Professor of Anatomy, College of Phy- 
sicians and Surgeons, Columbia University. 


>o>OnnA 


JuNiIor INSTRUCTORS 


C. E. Haptey, Assistant Professor of Biology, New Jersey State Teachers 
College at Montclair. 

. A. Matruews, Associate in Anatomy, School of Medicine, University of 
Pennsylvania. 


NM 
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PROTOZOOLOGY 


I. INVESTIGATION 
(See Zodélogy) 


II. INSTRUCTION 


Gary N. Carxins, Professor of Protozoodlogy, Columbia University. 
RacHEL Bow ine, Instructor in Zoology, Columbia University. 
Roserr W. STAPLER, Instructor in Zoology, University of Pennsylvania. 


EMBRYOLOGY 
I. INVESTIGATION 


(See Zoology) 


Il. INSTRUCTION 


L. G. Bartu, Instructor of Experimental Zoology, Columbia University. 

Husert B. Goopricu, Professor of Biology, Wesleyan University. 

BENJAMIN H. Grave, Professor of Biology, De Pauw University. 

LEIGH HoApbLey, Professor of Zodlogy, Harvard University. 

CuHarLes PacKkarp, Assistant Professor of Zoology, Institute of Cancer 
Research, Columbia University. 


PHYSIOLOGY 


I. INVESTIGATION 


Haroitp C. Brapiey, Professor of Physiological Chemistry, University of 
Wisconsin. 

WALTER E. Garrey, Professor of Physiology, Vanderbilt University Med- 
ical School. 

Ratpu S. Litiie, Professor of General Physiology, the University of Chi- 
cago. 

ALBERT P. Matuews, Professor of Biochemistry, University of Cincinnati. 


II. INSTRUCTION 


Teaching Staff 


WititiAm R. Ameerson, Professor of Physiology, University of Tennessee. 

Putitip Barp, Assistant Professor of Physiology, Harvard Medical School. 

Ratpn W. Gerarp, Assistant Professor of Physiology, the University of 
Chicago. 

LAURENCE IrviNG, Associate Professor of Physiology, University of Toronto. 

Leonor Micuaeris, Member of the Rockefeller Institute, New York City. 

MarcGarEeT SuMWwALT, Assistant Professor of Physiology, Woman’s Medical 
College of Pennsylvania. 


Special Lecturers 


Epwin J. Coun, Associate Professor of Physical Chemistry, Harvard Uni- 
versity. 

Henry J. Fry, Associate Professor of Biology, Washington Square College 
New York University. 


REPORT OF THE DIRECTOR 7 


E. Newton Harvey, Professor of Physiology, Princeton University. 

SeLtic Hecut, Professor of Biophysics, Columbia University. 

MerKEL H. Jacogs, Professor of General Physiology, University of Penn- 
sylvania. 

BaLpuIn Luck&, Associate Professor of Pathology, University of Pennsyl- 
vania. 


BOTANY 


I. INVESTIGATION 


C. E. ALLeNn, Professor of Botany, University of Wisconsin. 

S. C. Brooxs, Professor of Zoology, University of California. 

B. M. Ducear, Professor of Physiological and Economic Botany University 
of Wisconsin. 

Ivey F. Lewis, Professor of Biology, University of Virginia. 

Wo. J. Ropgins, Professor of Botany, University of Missouri. 


II. INSTRUCTION 


Witt1am RANpDoLPH Taytor, Professor of Botany, University of Penn- 
sylvania. 

James P. Poors, Professor of Evolution, Dartmouth College. 

G. W. Prescott, Assistant Professor of Biology, Albion College. 


LIBRARY 


Prisc1tLta B. MontcoMery (Mrs. THomas H. Montcomery, Jr.), Li- 
brarian. 

DEBORAH LAWRENCE, Secretary. 

HaAzeL BLANCHARD, Doris ENDREJAT, Mary A. Rowan, Assistants. 


DEPARTMENT OF EXPERIMENTAL RADIOLOGY 
G. Fatiia, Physicist, Memorial Hospital, New York City. 


CHEVIC Ai SU RP ELES 
Oscar W. RicHarps, Instructor in Biology, Yale University. 


SCHEIN MUP AE PAIRUA INOS ANID) IN B(CIEDNIECANL, SIQUAIZILINSS) 


SAMUEL E. Ponp, Assistant Professor of Physiology, Schools of Medicine 
and Dentistry, University of Pennsylvania, in charge. 


A. R. Apcar, Photographer. Lester F. Boss, Mechanician. 
J. D. Grauam, Glassblower. P. H. LILjEstRAND, Assistant. 
MUSEUM 


GeEorGE M. Gray, Curator. 


SUMPIEIE NM IDET IDO BIN AD 


James McInnis, Manager. WALTER KAHLER, Collector. 
A. M. Hitton, Collector. GEOFFREY LEuy, Collector. 
Mitton B. Gray, Coilector. A. W. LEATHERS, Shipping. 
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BOATS 
Joun J. VEEDER, Captain. E. M. Lewis, Chief Engineer. 


F. M. MacNaucut, Business Manager. 
Tuomas Larkin, Superintendent of Mechanical Department. 
Witit1am Hemenway, Carpenter. 


2. INVESTIGATORS AND STUDENTS, 1932 


Independent Investigators 


Appison, Wittiam H. F., Professor of Normal Histology and Embryology, Uni- 
versity of Pennsylvania, School of Medicine. 

AMBERSON, WILLIAM R., Professor of Physiology, University of Tennessee. 

ANDERSON, Rupert S., Research Associate, Princeton University. 

ARMSTRONG, Puiuip B., Assistant Professor of Anatomy, Cornell University Medi- 
cal College. 

BairseELL, Georce A., Professor of Biology, Yale University. 

Baker, Horace B., Associate Professor, University of Pennsylvania. 

BALLARD, WILLIAM W., Instructor in Zoology, Dartmouth College. 

Barp, Puiuip, Assistant Professor of Physiology, Harvard Medical School. 

BartH, L. G., Instructor, Columbia University. 

Beams, H. W., Assistant Professor of Zodlogy, State University of Iowa. 

BELKIN, Morais, Instructor, New York University. 

BicELow, Rosert P., Professor of Zodlogy and Parasitology, Massachusetts Insti- 
tute of Technology. 

BISSONNETTE, T. Hume, Professor of Biology, Trinity College. 

Bopansky, Aaron, Research Biochemist, Hospital for Joint Diseases, New York. 

Boropin, Dmitry N., Yonkers, New York. 

BowLinc, RAcHEL, Instructor in Zoology, Columbia University. 

Boyer, Donatp A., Instructor, the University of Chicago. 

Bozter, Emit, Fellow in Medical Physics, Johnson Foundation for Medical Physics. 

BripGes, CALviIn B., Research Assistant, Carnegie Institution of Washington. 

BRINLEY, Fitoyp J., Assistant Professor of Zoology, North Dakota State College. 

Brooxs, M. M., Research Associate, University of California. 

Brooks, S. C., Professor of Zodlogy, University of California. 

Brown, Ducorp E. S., Instructor in Physiology, New York University. 

BucHsBauM, RALPH, Instructor, the University of Chicago. 

Bupineton, Ropert A., Professor of Zoology, Oberlin College. 

CaBLE, RaymMonpd M., Teaching Fellow, New York University. 

CALKINS, Gary N., Professor of Protozodlogy, Columbia University. 

Catitow, Bessie R., In Charge of Rheumatic Fever Laboratory, New York Uni- 
versity, Medical College. 

CarorHers, E. ELEANOR, Lecturer in Zoology, University of Pennsylvania. 

CARPENTER, RusseELt L., Associate in Anatomy, College of Physicians and Sur- 
geons, Columbia University. 

CAsTLE, WitLtAM A., Instructor in Biology, Brown University. 

CATTELL, WARE, Garrison, New York. 

CuamBers, Rosert, Research Professor, Washington Square College, New York 
University. 

CHANUTIN, ALFRED, Professor of Biochemistry, University of Virginia. 

CuHeEeNeEy, RAtpH H., Chairman, Biology Department, Long Island University. 

Cuester, F. E., Professor of Zodlogy, West Virginia University. 


Ce 
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Ciark, ELEANOR Linton, University of Pennsylvania. 

Crark, Extor R., Professor of Anatomy, University of Pennsylvania. 
CiLowes, Grorce H. A., Director of Research, Lilly Research Laboratories. 
Cor, WESLEY R., Professor of Biology, Yale University. 

CoHEN, Rose S., Graduate Assistant in Zoology, University of Cincinnati. 
Corr, Exzert C., Associate Professor of Biology, Williams College. 

Cote, KENNETH S., Assistant Professor of ee Columbia University. 
Coxe, Ropert H., Oberlin College. 

CONKLIN, EDWIN G., Professor of Biology, Princeton University. 

CoonrFIELD, B. R., Tiaceenetan in Biology, Brooklyn College. 

CopELAND, Manton, Professor of Biology, Bowdoin College. 

Cow tes, R. P., Professor of Zoology, Johns Hopkins University. 

CROASDALE, HANNAH T., Assistant in Botany, University of Pennsylvania. 
Dartincton, C. D., Cytologist, John Innes Horticultural Institution, England. 
Dawson, ALDEN B., Associate Professor of Zoology, Harvard University. 
Donatpson, Henry H., Member, Wistar Institute. 


Dreyer, WittiaM A., Instructor in Zodlogy, University of Cincinnati. ‘ 
Durvee, Witt1aAM R., Instructor, Department of Zodlogy, Northwestern Univer- 
sity. 


Epwarps, Dayton J., Associate Professor of Physiology, Cornell University Medi- 
cal College. , 

Ernarson, Larus, Research Fellow of the Rockefeller Foundation, Johns Hopkins 
University Medical School. 

FiLetsHer, Mover S., Professor of Bacteriology and Hygiene, St. Louis University, 
School of Medicine. 

Fraser, Dorts A., Assistant in Anatomy, University of Pennsylvania, Medical 
School. 

Fry, Henry J., Professor of Biology, Washington Square College, New York Uni- 
versity. 

Garrey, W. E., Professor of Physiology, Vanderbilt University School of Medicine. 

Gerard, R. W., Associate Professor of Physiology, the University of Chicago. 

GuLaAseER, O. C., Professor, Amherst College. 

Guaser, R. W., Associate Member, Rockefeller Institute for Medical Research. 

Gotprors, A. J., Professor of Biology, College of the City of New York. 

GotpscuMinT, Ricuarp B., Director, Kaiser-Wilhelm-Institut fiir Biologie, Berlin- 
Dahlem, Germany. 

GotpsmitH, E. D., Assistant in Zodlogy, Harvard University. 

Goopricu, H. B., Professor of Biology, Wesleyan University. 

Goutp, R. Gornon, Jr., Tutor in Bio-chemical Sciences, Harvard University. 

Grave, B. H., Professor of Zodlogy, DePauw University. 

Grave, CASWELL, Professor of Zodlogy, Washington University. 

GreEN, Davin E., Assistant, Washington Square College. 

GUERLAC, Henry E., Assistant in Physiology, Cornell University. 

HApDLry, CHARLES E, Assistant Professor of Biology, New Jersey State Teachers 
College at Montclair. 

HaAuNERT, WiLiiAM F., National Research Fellow in Biological Sciences, Johns 
Hopkins University. 

Harnuy, Morrts H., Assistant Professor, Washington Square College, New York 
University. 

Harvey, EtHer B., Research Investigator, Princeton University. 

Harvey, E. N., Professor of Physiology, Princeton University. 

Hertsrunn, L. V., Associate Professor of Zoology, University of Pennsylvania. 

HensHAw, P. S., Biophysicist, Memorial Hospital, New York City. 

Herrick, Eart H., Professor of Biology and Head of Department, Louisiana State 
Normal College. 

Hitt, SAMUEL FE., Assistant in General Physiology, Rockefeller Institute. 

Hoaney, Lricu, Professor of Zoology, Harvard University. 
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Hopcr, CHARLES, Jr., Instructor in Zoology, University of Pennsylvania. 

Hoox, Sasra J., Assistant Professor of Biology, University of Rochester. 

Hoppe, Exia N., Research Assistant in Biology, New York State Department of - 
Health. 

Howe, H. E., Editor, Industrial and Engineering Chemistry. 

HowLanpb, Ruri B., Associate Professor of Biology, Washington Square College, 
New York Unwens 

Huerrner, Atrrep F., Professor of Biology, Washington Square College, New 
York University. 

Hutt, Franx M., Head of Department of Biology, University of Mississippi. 

Hunt, Tuomas E., Assistant Professor of Anatomy, University of Alabama, 
School of Medicine. 

Irvinc, Laurence, Associate Professor of Physiology, University of Toronto. 

Jackson, J. R., Graduate Assistant in Botany, University of Missouri. 

Jacoss, Merxet H., Professor of General Physiology, University of Pennsylvania. 

Jaun, Tueo. L., Fellow, National Research Council. 

Jenkins, Grorce B., Professor and Director Department of Anatomy, George 
Washington Universign 

Joutin, J. M., Associate Professor of Biochemistry, Vanderbilt University, School” 
of iWiedlicine, 

Jounston, Janet L., 250 S. 21st Street, Philadelphia, Pennsylvania. 

KAUFMANN, BERwIND P., Professor of Botany, University of Alabama. 

Ker, Exsa M., Instructor in Zodlogy, New Jersey College for Women. 

Kerr, THomas, National Research Fellow, University of Pennsylvania. 

Keyes, D. B., Professor of Industrial Chemistry, University of Illinois. 

Kipper, Grorce W., Tutor, College of the City of New York. 

KirKPATRICK, T. Bruce, Associate Professor of Physical Education, Columbia 
University. 

Kern, Henry, Research Fellow, Johns Hopkins University. 

Knower, Henry McE., Associate Professor of Anatomy, Albany Medical College. 

Know.ton, Frank P., Professor of Physiology, Syracuse University, College of 
Medicine. 

Kriec, WENDELL J. S., Instructor in Anatomy, New York University. 

LACAILLADE, CHARLES WM., Fellow, The Rockefeller Institute. 

Lackey, JAMes B., Professor of Biology, Southwestern. 

LANCEFIELD, Donatp E., Associate Professor of Zoology, Columbia University. 

LANCEFIELD, Resecca C., Associate in Bacteriology, Rockefeller Institute. 

Laue, Epwin P., Instructor in Physiology, University of Pennsylvania. 

Levy, Mirton, Instructor, University and Bellevue Hospital Medical College. 

Lewts, Ivey F., Professor of Botany, University of Virginia. 

Lituiz, Frank R., Chairman of the Department of Zoology, the University of 
Chicago. 

Lituiz, Ratpy S., Professor of General Physiology, the University of Chicago. 

LINDERSTROM-LANG, Kay. M., Inspector, Carlsberg Laboratorium. 

LIPMANN, Fritz, Associate, Rockefeller Foundation. 

LoeFer, JoHN B., University Fellow, University College, New York University. 

Lyncu, RutTH Stockine, Instructor, Johns Hopkins University. 

McGown, RatpH C., Jr., Instructor in Biology, Amherst College. 

McGrecor, JAMEs H., Professor of Zodlogy, Columbia University. 

Macu1iis, SAMUEL, Assistant in Biology, Washington Square College, New York 
University. 

MaGRUDER, SAMUEL R., Graduate Assistant in Zoology, University of Cincinnati. 

Martin, Eart A., Chairman of Biology Department, Brooklyn College. 

Mast, S. O., Professor of Zoology, Johns Hopkins University. 

MatuHews, Arzert P., Carnegie Professor of Biochemistry and Head of Depart- 
ment, University of Cincinnati. 
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Mattuews, SaMueL A., Associate in Anatomy, University of Pennsylvania. 

Mazra, DanieL, Undergraduate Student, University of Pennsylvania. 

MicraeLis, LEoNoR, Member, Rockefeller Institute for Medical Research. 

Miter, Forrest W., Graduate Assistant, University of Pittsburgh. 

MOoNTALENTI, GIusEPPE, Assistant in the Zoological Institute, Rome University, 
Rome, Italy. 

Moors, A. R., Research Professor of Physiology, University of Oregon. 

Morcan, Litran V., California Institute of Technology. 

Morean, T. H., Professor of Biology, California Institute of Technology 

Morritt, Cuartes V., Associate Professor of Anatomy, Cornell University Medi- 

cal College. 

Netsen, Ouin E., Instructor in Zodlogy, University of Pennsylvania. 

NELSON, FE. Curr, Student Assistant, Johns Hopkins School of Hygiene and Pub- 

lic Health. 

Nonipez, José F., Assistant Professor of Anatomy, Cornell University Medical 
College. 

Ortas, Oscar, Fellow, Rockefeller Foundation. 

OsterHouT, W. J. V., Member, Rockefeller Institute for Medical Research. 

Packarp, CHar.es, Assistant Professor of Zodlogy, Columbia University. 

Patmer, ALBERT H., New York University Medical College. 

Papenruss, G. F., Graduate Student, Johns Hopkins University. 

Parker, G. H., Professor of Zodlogy, Harvard University. 

Parpart, ArtHUR K., Instructcr in Physiology, Princeton University. 

Payne, FERNANDUS, Professor of Zodlogy, Indiana University. 

PLoucH, Haro.p H., Professor of Biology, Amherst College. 

POLLISTER, ARTHUR W., Instructor in Zodlogy, Columbia University. 

POLLISTER, PRISCILLA FREW, Graduate Student, Columbia University. 

Ponp, Samuet E., Assistant Professor of Physiology, University of Pennsylvania, 
Medical Senna 

Pootr, James P., Professor of Evolution, Dartmouth College. 

POTTER, Teun S., Seymour Coman Fellow in Preventive Medicine, University 
of Chicago. 

Prescott, G. W., Assistant Professor of Biology, Albion College. 

DE RENYI, GEORGE S., Associate Professor of Anatomy, University of Pennsylvania. 

REZNIKOFF, PAUL, Tastructor in Medicine, Cornell University Medical College. 

RicHarps, Oscar W., Instructor in Biology, Yale University. 

Ropsins, Witt1AM J., Professor of Botany, University of Missouri. 

Roszert, NAN L., Instructor in Zodlogy, Hunter College. 

Root, WattTerR S., Associate Professor of Physiology, College of Medicine, Syra- 
cuse University. 

Rucu, Rozerts, Instructor in Zoology, Hunter College. 

Sancer, Apert C., National Research Fellow in the Biological Sciences, National 
Research Council. 

Saytes, Leonarp P., Instructor in Biology, College of the City of New York. 

SCHAUFFLER, WILLIAM G., Princeton, New Jersey. 

ScHErRP, HEnry W., A\geisiasa: Rockefeller Institute for Medical Research. 

ScHumipt, [pa T. GENTHER, Junior Research Fellow, Research Foundation of the 
Children’s Hospital, Cincinnati. 

Scumipt, Leon H., Research Fellow, University of Cincinnati, College of Medicine. 

SCHMIEDER, Ruporr G., Instructor in Zoology, University of Pennsylvania. 

ScHopper, E. WERNER, Pathological Institute, Giessen, Germany. 

ScHRADER, FrRANz, Professor of Zoology, Columbia University. 

Scuraper, Satty Hucues, Instructor in Zoology, Sarah Lawrence. College. 

Scorr, StsterR FLrorENcE Marie, Assistant Professor, Seton Hill College. 

SEVERINGHAUS, AuRA E., Assistant Professor of Anatomy, Columbia University. 

SHUMWAY, WALDO, Beaiessiit of Zoology, University of Illinois. 
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Sirvey, J. K. Gwynn, Instructor, University of Michigan. 

SoNNEBORN, TRAcy M., Research Associate, Johns Hopkins University. 

SpeicHer, B. R., Graduate Assistant, University of Pittsburgh. 

SpEWwEL, Cart C., Professor of Anatomy, University of Virginia. 

SrasLer, Ropert M., Instructor in Zoology, University of Pennsylvania. 

STANLEY, WENDELL M., Research Assistant, Rockefeller Institute for Medical Re- 
search. 

STEINBACH, Henry Burr, Instructor in Zoology, University of Pennsylvania. 

Stewart, Dorotuy R., Assistant Professor of Biology, Skidmore College. 

StrocKARD, CHARLES R., Professor of Anatomy, Cornell University Medical College. 

Stoxey, AtMa G., Professor of Botany, Mount Holyoke College. 

SrTrEET, SipyL F., Graduate Student, the University of Chicago. 

Sturtevant, A. H., Professor of Genetics, California Institute of Technology. 

SuMWALT, Marcaret, Assistant Instructor, University of Pennsylvania, Medical 
School. 

Sun, Tson P., Student, University of Pennsylvania. 

TANG, PEI- SUNG, Instructor in General Physiology, Harvard One ate 

TasHiro, Suro, Professor of Biochemistry, University of Cincinnati, College of 
Medicine. 

Taytor, G. WELLForD, Fellow in Biology, Princeton University. 

Taytor, W. R., Professor of Botany, University of Michigan. 

Titus, CHares P., East Orange, New Jersey. 

Vicari, Emma M., Associate in Anatomy, Cornell University Medical College. 

Warren, Howarp C., Stuart Professor of Psychology, Princeton University. 

WeEIsMAN, Maxwe tt N., Graduate, Columbia University. 

Wetss, Paut A., Sterling Research Fellow, Research Institute of the Academy of 
Science in Vienna, Austria. 

Wenricu, D. H., Professor of Zoology, University of Pennsylvania. 

Wuepon, ArTHUR D., Professor of Zodlogy and Head of Department, North Da- 
kota State College. 

Wuittnc, ANNA R., Professor of Biology, Head of Department, Pennsylvania Col- 
lege for Women. 

Wuit1nc, P: W., Professor of Zodlogy, University of Pittsburgh. 

Wiemann, H.L., Professor of Zodlogy, University of Cincinnati. 

WIuiER, BENJAMIN H., Professor of Zoology, the University of Chicago. 

Witson, EpmunND B., Professor Emeritus, Columbia University. 

Winsor, Acnes A., Volunteer Associate, Johns Hopkins University. 

Winsor, Cuartes P., Associate in Biology, Johns Hopkins University. 

WirtscHI, Emir, Professor of Zoology, State University of Iowa. 

Wot r, E. Atrrep, Associate Professor of Zodlogy, University of Pittsburgh. 

Wooprufr, LoraNnvE Loss, Professor of Protozodlogy, Yale University. 

Younc, Rocer Ariiner, Assistant Professor of Zoology, Howard University. 

ZELENY, CHARLES, Professor of Zoology, University of Illinois. 

ZIRKLE, CoNwAyY, Associate Professor, University of Pennsylvania. 


Beginning Investigators 


Asutiey, ALTA, Research Assistant, University of Cincinnati and Children’s Hos- 
pital Research Foundation. 

Attias, Meyer, Assistant in Zoology, Columbia University. 

BELTRAN, EnrIQgue, Professor of Zoology, University of Mexico. 

Brapspury, Hester Ann, Hardwick, Massachusetts. 

Bripces, Joun C., Graduate Student, Morehouse College. 

Burr, Epiru Rocrers, Assistant in Zoology, Barnard College. 

Butter, THomas, Student, Vanderbilt Medical School. 

CAMPBELL, DAN H., Laboratory Assistant, Washington University. 

Cartson, J. Gorpnon, Instructor in Biology, Bryn Mawr College. 


REPORT OF THE DIRECTOR 23 


Carson, RacHeEt L., Graduate Student, Johns Hopkins University. 

Cuao, Iprnc, Graduate Student, the University of Chicago. 

Cuen, T. T., Instructor, University of Pennsylvania. 

Cuitp, GeorcE P., Assistant in Biology, New York University. 

CuurRcH, CuHarLEs F., Assistant Instructor in Pediatrics, University of Pennsyl- 
vania Medical School. 

CLARK, JEAN M., Graduate Student, University of Pennsylvania. 

Corson, SAMUEL A., Research Assistant, Graduate Student, University of Penn- 
sylvania. 

CostELLo, Donatp P., Instructor in Zoology, University of Pennsylvania. 

Crummy, Pressey L., Graduate Assistant, University of Pittsburgh. 

Dan, KatsumA, Graduate Student, University of Pennsylvania. 

DIETER, CLARENCE D., Assistant Professor of Biology, Washington and Jefferson 
College. 

EAstTLick, Hersert L., Graduate Assistant in Zoology, Washington University. 

FENNELL, RicHArp A., Assistant Professor, Birmingham College. 

Fisu, Harorp S., Student and Assistant in Zoology, Harvard University. 

Fucus, W. Barrett, Student Assistant in Biology, American University. 

GRAND, C. G., Research Assistant, Washington Square College, New York Uni- 
versity. 

HENSHAW, CHRISTINE T., Assistant Biophysicist, Memorial Hospital, New York 
City. 

Hrircucock, Harotp B., Assistant, Williams College. 

Honce, RutH Patrick, Graduate Student, University of Virginia. 

Katiss, NATHAN, Assistant in Zoology, Columbia University. 

KANrRIcH, DorotHy M., Graduate Student in Physiology and Instructor, Carnegie 
Institute of Technology, Pittsburgh, Pennsylvania. 

KeitcH, Anna K., Eli Lilly Research Laboratory. 

Kempton, Rupotr T., Instructor, New York University. 

KEOsIAN, JOHN, Assistant in Biology, Washington Square College, New York 
University. 

Kirss, Mary D., University of Pennsylvania. 

KILie, FRANK R., Graduate Student, University of Chicago. 

KINNEY, ELIzABETH T., Lecturer in Zoology, Barnard College. 

Lanpowne, Mitton, Fellow in Biology, College of the City of New York. 

Lawtor, StstER ANNA CATHERINE, Instructor in Biology, College of Saint Eliza- 
beth. 

L’HeritierR, Puitire, Rockefeller Fellow, Ecole Normale Supérieure, Paris, 
France. 

Lunopstrom, HEren M., Chemist, Children’s Hospital of Philadelphia. 

Marstanp, Doucras A., Assistant Professor of Biology, Washington Square Col- 
lege, New York University. 

Metzner, Jerome, Graduate Student, Columbia University. 

Mrwarik, Peter, Assistant Professor, University of Budapest. 

Mopett, WALTER, Assistant in Anatomy, Cornell University Medical College. 

Morris, Joun E., Graduate Student and Laboratory Assistant, Fisk University. 

MoseEtLeEy, JoHN E., Student of Biology, Harvard College. 

Nicott, Paut A., Assistant in Zoology, Washington University. 

Ormssy, ANDREW A., Research Assistant, Pennsylvania State College. 

Panoit, C. G., Assistant Director, King Institute of Preventive Medicine, Madras, 
India. 

Prrrce, MApELENE E., Instructor in Zodlogy, Vassar College. 

PIERSON, BERNICE F., Graduate Student, Johns Hopkins University. 

Prosser, C. Lapp, Graduate Student, Johns Hopkins University. 

ROWLAND, CLAUDE R., Assistant in Zodlogy, Columbia University 

RuNDLES, WAYNE, Undergraduate Assistant, DePauw University. 
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Russett, Henry D., Student, Harvard University. 

ScHECHTER, Victor, Tutor in Department of Biology, College of the City of New 
York. 

Scort, ALLAN C., Assistant in Zodlogy, Columbia University. 

Sapiro, HERBERT, Assistant in Biology, Princeton University. 

SICHEL, FERDINAND J. M., Assistant in Biology, Washington Square College, New 
York University. 

Situ, Bruce A., Graduate Student, University of Pittsburgh. 

SmitH, Emir L., Assistant in Zoology, Columbia University. 

SoutHwick, WattTgER E., Austin Teaching Fellow, Harvard University. 

Specut, Hrrnz, Graduate Student, Johns Hopkins University. 

STURDIVANT, HARWELL P., Assistant Professor of Biology, Emory University. 

SumMe_rs, Francis M., Columbia University. 

TAYLOR, GEORGIANA, Graduate Student in Zoology, University of Pittsburgh. 

TEWINKEL, Lois E., Graduate Student, Columbia University. 

THOMAS, THURLO By Graduate Assistant, Oberlin College. 

Tirtier, Irvine A., Assistant in Zoology, Columbia University. 

TowNseENpD, Grace, Fellow, the University of Chicago. 

Watker, Paut A., Graduate Student, Harvard University. 

Witson, Hitpecarp, Teaching Fellow, University and Bellevue Hospital, New 
York University, Medical College. 

Winoxur, Morrts, Fellow, College of the City of New York. 


Research Assistants 


ALDERMAN, EVANGELINE, Instructor, Wellesley College. 

Beck, Lyte V., Graduate Assistant, Department of Zoology, University of Pitts- 
burgh. 

Butt, CHarwes, Research Assistant, Princeton University. 

Cuute, A. Laurence, Fellow in Physiology, University of Toronto. 

Crampton, Ciair B., Instructor, Wesleyan University. 

Doyie, WILLIAM L., Assistant in Zoology, Johns Hopkins University. 

Drices, MarsHatt F., Medical Student, Cornell University Medical College. 

Dunn, Epwin E., Research Assistant, University of Cincinnati. 

Eyre, SARAH W., Research Assistant, Long Island University. 

GILMoRE, KATHRYN, Technical Assistant, University of Pittsburgh. 

Goopson, Mary L., Student, Barnard College. 

GRAHAM, C. H., Research Assistant, University of Pennsylvania. 

Harnty, Marte L., Assistant in Biology, Washington Square College, New York 
University. 

HarryMAan, ILene, Lilly Research Laboratories. 

Hirt, Epear S., Research Assistant, Rockefeller Institute. 

MicHakgtis, Eva, Research Assistant, Columbia University. 

Mitrs, Sytvia M., Research Assistant, Radcliffe College. 

MoreELAnD, Ferrtn B., Graduate Assistant, Vanderbilt University. 

Pace, Donatp M., Research Assistant, General Physiology, Johns Hopkins Uni- 
versity. 

Parks, ErizABetH K., Instructor in Histology and Embryology, Boston Univer- 
sity School of Medicine. 

Parks, Mark E., Assistant Instructor in Biology, New York University. 

Porter, HELEN, Research Assistant, Harvard University. 

Rawtes, Mary E., Research Assistant, the University of Chicago. 

Ropertson, C. W., Assistant in Biology, New York University. 

SANGER, GRANT, Medical Student, Cornell University Medical College. 

SELL, JAmMeEs P., Laboratory Assistant, Yale University. 

STARKEY, WiLLt1AM F., Graduate Student in Zoology, University of Pittsburgh. 

W ane, Lucitite W., Eli Lilly Research Laboratories. 

Younc, Saut B., Technician, Rockefeller Institute for Medical Research. 
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Students 


BOTANY 


Bacu, Doris A., University of Michigan. 

BRUBAKER, ETHEL, Teacher of Biology, Philadelphia High School. 
Gustarson, Aiton H., Instructor in Biology, Williams College. 
Lawtor, JoHN T., Jr., Austin Teaching Fellow, Harvard University. 
MacArruur, Mary, Student, Acadia University. 

MargQuette, WiLL1AM G., Student, Columbia University. 

Primrose, HELEN L., Hunter College. 

RuSSELL, DorotHy M., Pennsylvania College for Women. 

SPANGLER, ELIZABETH A., Wheaton College. 

STRONGMAN, LoutsE E., Student, Radcliffe College. 

Wesster, MArGARET D., Dalhousie University. 

WEINTRAUB, Rospert L., George Washington University. 

WILHELM, HELEN M., Hunter College. 

WIsMER, VIRGINIA, Assistant in Botany, University of Pennsylvania. 


EMBRYOLOGY 


AIKEN, Rosert B., Research Fellow, University of Vermont. 

BELCHER, JANE C., Colby College. 

BraApBuRY, Hester A., Hardwick, Massachusetts. 

Burrows, Rosert B., Jr., Assistant Graduate Student, Yale University. 

Cowtess, JANET M., Johns Hopkins University. 

CumMINGS, FrancEs, 122 Elm Street, Meriden, Connecticut. 

Dee, JoHN E., Wesleyan University. 

DIETER, CLARENCE D., Assistant Professor of Biology, Washington and Jefferson 
College. 

Eastiick, Hersert L., Graduate Assistant in Zoology, Washington University. 

Hetss, Mary E., Wellesley College. 

Hoover, Marcaret E., Student, Smith College. 

Hussey, KATHLEEN L., Fellow in Zoology, Ohio Wesleyan University. 

Krernuorz, Lewis H. K., Instructor in Anatomy, Colby College. 

Kuc.er, Otto E., Tutor, Illinois University. 

Lewis, RAatpH H., Assistant in Biology, University of Rochester. 

Mitier, DorotHy K., Bryn Mawr College. 

Morrts, JoHN E., Laboratory Assistant in Biology, Fisk University. 

Otsen, Martow W., Junior Poultry Biologist, United States Department of Agri- 
culture. 

Penn, Amos B. K. C., Graduate Student, Johns Hopkins University. 

PFEIFER, KATHERINE, Teacher at Soldan High School, St. Louis. 

Pomerat, C. M., Assistant in Biology, Clark University. 

RUNDLES, RALPH W., DePauw University. 

ScaTrerty, Louise E., Instructor, H. Sophie Newcomb College. 

Stms, D. Lawrence, Student, DePauw University. 

SmitH, VERA I., Teaching Fellowship, Brown University. 

SULLIVAN, JoHN L., Jr., Johns Hopkins University. 

Waconer, KENNETH S., DePauw University. 

WatTKEYs, JEAN DE G., Student, University of Rochester. 

Wirtz, Sister St. Mark, Instructor in Biology, College of St. Catherine. 


PHYSIOLOGY 


Bripces, JoHN C., Instructor, Morehouse College. 
Butter, THomaAs C., Student, Vanderbilt Medical School. 
CHAo, Iptnc, the University of Chicago. 
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CopLaNn, HELEN M., Assistant in Biology, Goucher College. 

Cratc, Francis N., Rutgers University. 

Hess, Marcaret, University of Virginia. 

Hey, James T., Hamilton College. 

Krnc, Frorice A., Graduate Assistant in Physiology, Wellesley College. 
McIntire, JOSEPHINE M., Assistant, Mount Holyoke College. 

Manery, JEANNE F., Student, University of Toronto. 

PAPPENHEIMER, ANNE, Radcliffe College. 

RiepMAN, Sarau R., Instructor, Department of Physiology, Brooklyn College. 
Roeper, KenneEtH D., Instructor in Physiology, Tufts College. 
Scuott, Marcaret, Assistant, Mount Holyoke College. 

Specut, Hetnz, Graduate Student, Johns Hopkins University. 
Tooruitt, Martua C., Instructor in General Biology, Adelphi College. 
TUM-SUDEN, CAROLINE, Research Fellow, Boston University. 
WARBRITTON, VIRGENE, Research Assistant, University of Missouri. 


PROTOZOOLOGY 


BELTRAN, ENRIQUE, Professor of Zoology, University of Mexico. 

BincHuam, N. Expren, Instructor, Montclair State Teachers College. 

Brown, Resecca, Goucher College. 

Duncan, Paut M., University of Pennsylvania. 

Eart, Rutu R., Graduate Student, New York University. 

Fucus, Wittiam B., American University. 

Ketty, Frorene Cora, Instructor, Simmons College. 

Lawtor, SIsteER ANNA CATHERINE, Instructor in Biology, College of Saint Eliza- 
beth. 

Levin, Anna C., Columbia University. 

Linc, SHAO-wEN, Graduate Student, The Rockefeller Foundation. 

McDonatp, Ciara M., Nassau Hospital, Minneola. 

Mantrr, Joun T., Student Assistant, Columbia University. 

MeETZNER, JEROME, College of the City of New York. 

ROWLAND, CLAUDE R., Columbia University. 

SmitH, THorN, Jr., Student, Columbia University. 

Wit.is, Doris M., American University. 


INVERTEBRATE ZOOLOGY 


ALDINGER, LENORE, University of Wisconsin. 

ANTHONY, GENEVIEVE, Graduate Student, University of Pennsylvania. 
AxForD, DorotHy, Graduate Assistant, New Jersey College for Women. 
Bates, M. Nose, Graduate Assistant in Zoology, Hamilton College. 

SELDING, HARwoop, Laboratory Assistant, Connecticut State Agricultural College. 
BERKENFELD, CHARLOTTE G., Teacher in Elementary Grades, Brooklyn, New York. 
BucuHett, J. Ropert, Graduate Assistant in Zoology, University of Illinois. 
Coucu, Mary L., Elmira College. 

Crooks, KennetH B. M., Instructor in Biology, Hampton Institute. 
Diack, Marion, Student, Oberlin College. 

Dipsre, UEL E., Graduate Student, Yale University. 

Exriort, Arrrep M., Teaching Fellow, New York University. 
Fortz, RutH G., Student, Oberlin College. 

GorFIn, CATHERINE E., Student, Brown University. 

Gray, BEATRICE, Student, State University of Iowa. 

Grierson, Marcaret C., Graduate Student, Mount Holyoke College. 
HAFFNER, WAYNE, Wabash College. 

Hamitton, Mary A., Student, Elmira College. 

Havey, CLinton B., Student, Acadia University. 
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HENDERSON, RuTH E., Goucher College. 

Hoover, W. KENNETH, Laboratory Assistant, American University. 
Hurr, Georce C., State University of Iowa. 

Ives, Puitip T., Amherst College. 

Jacques, RicHarp, Ohio Wesleyan University. 

Jonas, Marron, New Jersey College for Women. 

KLEINHOLZ, Lewis H. K., Instructor, Colby College. 

Koun, Henry I., Graduate Student, Yale University. 

LARRABEE, Martin G., Harvard University. 

Linc, SHAO-WEN, Gadunie Student, Cornell University. 

Lippy, Grace E., Assistant Professor of Biology, Hood College. 
Livencoop, WAYNE F., Wabash College. 

Logan, Amy D., Wilson College. 

Lumer, Hyman, Graduate Assistant, Western Reserve University. 
MANUuEL, Betu, Dalhousie University. 

Meyer, ADELPHIA M., Student, Peabody College. 

OtsEen, Marrow W., Poultry Biologist, United States Department of Agriculture. 
Owen, Cora R., Student, Vassar College. 

Penn, Amos B. K. C., Graduate Student, Johns Hopkins University. 
PLisKE, Epwarp C., Student, Oberlin College. 

RANKIN, JOHN S., ir, Student, Wesleyan University. 

REED, SHELDON C., Dartmouth College. 

REES, Oxive L., Assistant in Botany, University of Wisconsin. 
SANDNES, GuNNAR C., College of the City of New York. 
SCHLOEMER, CLARENCE L., Student, Beloit College. 

SCHOENBORN, HENRY W., Student, DePauw University. 

SEtty, Laure. R., Instructor in Biology, Park College. 
SHOEMAKER, Hurst H., Instructor, Earlham College. 

STEARNS, Mary L., Student, Smith College. 

Sures, Peart M., University of Minnesota. 

Tostas, BELLE C., Instructor in Biology, Bennett College. 

TUKEY, GERTRUDE R., Student, Smith College. 

TURNER, Rosert S., Student, Dartmouth College. 

WARREN, MarsHatt R., Student, DePauw University. 

WELLS, JOSEPHINE S., Barnard College. 

ZINN, Donan J., Student, Harvard University. 


3. DABULAR VIEW Or Ad DEN DANCE 
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INSTITUTIONS REPRESENTED—T otal 
By Investigators 
By Students 

ScHOooLs AND ACADEMIES REPRESENTED 
By Investigators 
By Students 

ForEIGN INSTITUTIONS REPRESENTED 
By Investigators 
By Students 


Pe ee ee 
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4. SUBSCRIBING AND COOPERATING INSTITUTIONS, 
1932 


Acadia University 

Amherst College 

Barnard College 

Beloit University 

Bowdoin College 

Brown University 

Bryn Mawr College 

California Institute of Technology 

Carnegie Institution of Washington 

Chinese Educational Mission 

College of St. Catherine 

College of St. Elizabeth 

Columbia University 

Cornell University 

Cornell University Medical College 

Dalhousie University 

Dartmouth College 

DePauw University 

Duke University 

Elmira College 

Fisk University 

General Education Board 

Goucher College 

Hamilton College 

Harvard University 

Harvard University Medical School 

Hunter College 

Industrial & Engineering Chemistry, 
of the American Chemical Society 

Johns Hopkins University 

Eli Lilly & Co. 

Long Island University 

Memorial Hospital of New York 
City 

Morehouse College 

Mount Holyoke College 

National Research Council 


New York State Department of 
Health 

New York University 

New York University Medical 
School 

Oberlin College 

Pennsylvania College for Women 

Princeton University 

Rockefeller Foundation 

Rockefeller Institute for Medical Re- 
search 

Rutgers University 

Seton Hill College 

Smith College 

Sophie Newcomb College 

Syracuse University 

Tufts College 

University of Chicago 

University of Cincinnati 

University of Illinois 

University of Iowa 

University of Missouri 

University of Pennsylvania 

University of Pennsylvania Medical 

School 

University of Pittsburgh 

University of Rochester 

University of Vermont 

University of Virginia 

University of Wisconsin 

Vanderbilt University Medical 
School 

Vassar College 

Wabash College 

Washington University 

Wellesley College 
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Wesleyan University Wistar Institute of Anatomy and Bi- 
Wheaton College ology 
Wilson College Yale University 


SVE NING LECTURES, 1932 
Friday, July 1 


DRAGAN SGA TSORE 56. c as “The Coral Reefs of the Hawaiian 
Islands.” 
Friday, July 8 
DRE RN VEN GERARD oie ccc. ses. 2a ihe Speedton Weiter: 
Friday, July 15 
DR NU DORE IMION DT 2 eye ee. 5 sso “Regulation of Ions in the Body Tis- 
sues.” 


Friday, July 22 
DREN Spb GARRY eee oad slat “Some Aspects of the Physiology of 
the Heart of Limulus.” 
Monday, July 25 


DREGE IE ES TOBRNEDR: eaatac n). 44 «ss “Were the Trilobites Related to Lim- 
ulus?” 
Friday, July 29 
Det Cie CMSPRND Ey a. ao Sua uci sisus « “The Growth and Repair of Living 
Nerves.” 
Friday, August 5 
Winerkvew GEVANIB IRS asc re sos hae thes “The Vital Coloration of Proto-. 
plasm.” 


Friday, August 12 
DRE NEEXMANDER MORBES ©). 4c)4 2 “Surveying in Northern Labrador.” 


Friday, August 19 
Tue Reynotp A. SPAETH MEMo- 
RIAL LeEcTuRE, delivered by Dr. R. 
GOCMSCHINMEDE A tr ereiie so seve Sets “Genetics and Development.” 


Friday, August 26 
3) Fer Ee dee (GRVAINIO a, veh enteatay ctor shang “Problems in the Study of the Phyto- 
plankton of the Sea.” 


SIPOCIUAIL, ILC ANUIIS, ZUN ID) MiOMNLOMN TUE IMO IES 


Wednesday, July 27 
Dr. Paut Wetss (Motion Pic- 
{ROBPES) ahh lee AN a RR Re erie OL ea ea “The Function of Supernumerary 
Limbs as Illustrating the Resonance 
Principle of Nervous Activity.” 
Thursday, August 18 
Drie Arai MOORE. qumlwe sn Yeo os. ste ons “The Results of Prevention of Mem- 
brane Formation in Echinoderm 
Eggs.” 
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Wednesday, August 24 . 
DRE We SCHOPPERQ 7c omer “ Microcinematographs of Tissue Cul- 
tures of Organs from the Guinea 
Pia.” 
Friday, August 26 
Dre C.. CG. Srrmen (Motion ice 
(ODES eee eee o Hive SUmers clone “The Growth and Repair of Living 
Nerves.” 


6: SHORTER SCHON DiI Gs e Nes O52 


Tuesday, July 5 
Din), ISIE G BR GUNAADN Ge ce sed dc.cc “ Splitting of the Eggs of Four Nea- 

politan Sea Urchins by Centrifugal 

Force and the Development of the 

Halves and Quarters.” 

Dr. Henry J. Fry AnD 

Vines VIP SUP ARIS: pola. osc sueiaee “The Relation between Viscosity 
Changes and Mitotic Changes in 
Cleaving Eggs.” 

DReele VE VELETEBRUN IN > -+c)rtene “The Action of Ultra Violet Rays on 
the Protoplasm of Ameeba.” 

’ Tuesday, July 12 

DREN INE DE Se OOUE) ...2 inner: “Electric Phase Angle of Tissues.” 

Dr. MARGARET SUMWALT, 

Dr. W. R. AMBERSON AND 

IMIGTSS Ma VIAN WITCERATIGIS ol 1 ce 12 /atreke “The Part Played by Diffusion Poten- 
tials in the Origin of Concentration 
Potential Differences across Frog 


Skin.” 

Dr. E. N. Harvey AnD 

IDin.. IDS VANS IMU RS ANID hans els euro. “The Tension at the Surface of 
Ameeba dubia.” 

ROSIN EEA VE Vines tee ee ticles ess “The Beams Air Turbine for Bio- 


logical Centrifuging.” 
Tuesday, July 19 


ID Rae Aves sn DANSON Meeieietatn cinisctnere “The Relative Degrees of Differenti- 
ation of the Mature Erythrocytes of 
Vertebrates.” 

ID RPEMAMUMNVIETSS) osetia 2, cle ece stale “The Factor which Determines the 
Orientation of the Growing Nerve 
Fiber.” 

DRE Gata EVARIGEIR (1 .2/0)4) 2, veo she's roe “ Neurohumoralism.” 

DRAPE VER GRADY 3.21605 Gieje eles aielens.s “Observations on the Velocity of the 


Nerve Impulse.” 
Tuesday, July 26 


IDR MIE IMEABROOKS: sciic fates svoies a's “Antagonism of Methylene Blue for 
CN and CO.” 
ADI, Sy Ge IBTROORC Se Gs Ses Pace eas “Partition Coefficients and Diffusion 


of Solutes in Heterogeneous Sys- 
tems.” 
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Dr. A. P. MATHEWS 
Dr. LAURENCE [RVING AND 
Mr. A. L. CHUTE 


cece ee ee ee ee ee ow 


Tuesday, August 2 
Dr. W. R. TAyLor 


ese ee ee ee eo ee 


Dr. Conway ZIRKLE 


Dr. G. W. PRESCOTT 


eee ee ee ee oe oO 


DR AER DRA SARGERAS aaa clde scale 6 
Tuesday, August 9 
Mr. D. P. CostELLo 


eee ee ee ee ee oo 


Dr. P. S. HENSHAW 


Dr. R. M. Bucusspaum 


Dr. B. H. WIL.uiER 


ecere eee ee ee oe 


Tuesday, August 16 
Dr. DANIEL RAFFEL 


ee eee ee ce ee ow 


CC 


eee ee eo ee we 


Tuesday, August 23 
Dr. T. L. JAHN 


Mr. T. T. CHen 


eee ee ee ee ee we oo 


Miss Sasra J. Hook 


Dr. W. F. HAHNERT 


eee ese eee ee wo 


Tuesday, August 30 
DRAG Wee POrnrsneR (2 hae 

Dr. W. H. F. Appison anp 

Dr. Doris A. FRASER 


eee ee eee eo wo 


ot 


“Nature of the Action of Enzymes.” 


“The Participation of Bone in the 
Neutralization of Ingested Acid.” 


“ Phytoplankton of Isle Royale, Lake 
Superior.” 

“ Cytological Fixation with the Lower 
Fatty Acids, their Salts, etc.” 

“Copper Sulphate as an Algacide in 
Lakes and Public Water Supplies.” 

“ Manganese and the Growth of Lem- 
nacez.” 


“Surface Precipitation Reaction in 
Marine Eggs.” 

“Changes in Sensitivity of Drosoph- 
ila Eggs during Early Develop- 
ment to Hard and Soft X-rays, 
Gamma Rays and Alpha Particles.” 

“ Size of Explant and Volume of Me- 
dium in Tissue Cultures.” 

“Germ Cells in Relation to the Origin 
and Differentiation of the Sex 
Gland of the Chick as Studied by 
Chorioallantoic Grafts.” 


“Gene Mutations in Paramecium aure- 
eis” 

“Chromosome Maps of Drosophila.” 

“A New Unstable Translocation in 
Drosophila.” 


“The Effects of Temperature and of 
Certain Organic Acid Radicals upon 
Euglena gracilis.” 

“Nuclear Structure and Mitosis 
Zelleriella (Opalinidz).” 

“Some Observations on Spirostomum 
ambiguum.” 

“Intensity Duration Relations in the 
Response of Certain Protozoa to 
the Electric Current.” 


in 


“The Development of Leucopoietic 
Tissue in Amblystoma punctatum.” 


“ Pigmentation in the Hypophysis and 
Parathyroids of the Gray Rat.” 
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Dr. GeorcE F. LaripLaw 


Friday, September 2 
Mr. C. M. Goss, 
Mr. Bruce Hoce anp 
Dr. KENNETH S. CoLeE 
Dr. ETHEL B. Harvey 


Dr. P. S. HENSHAW .. 


ees ee ee ee ee 


Dr. MARGARET SUMWALT ........ 


Dr. WALTER S. Root . 
Mr. S. A. Corson .... 


DRE BRINLEY 25: 


eee ec ee ee ee 


Dr. Oscar W. RICHARDS ........ 


Dr. GEorGE A. BAITSELL ......... 


Dr. T. M. SonNEBORN 


Dr. E. R. Criarx, 
Mrs. E. L. CLARK AND 
Dr. E. A. SWENSON ... 


IDe, C; ©, Swemowi, 55.5. 


IMir, IL, W, IBIBCIK 5.5054 


Dr. G. H. A: CLowEs, 


Miss Anna K. KeELtcH 
Miss ILENE HarryMAN 


eeec oe ee oe 8 


eco ee ee eo ee 


AND 


“The Dopa Reaction and the Problem 
of Pigment Formation in Mam- 
malian Skin.” 


“Tissue Culture Action Potentials.” 

“Effects of Centrifugal Force on Fer- 
tilized Arbacia Eggs, as Observed 
with the Microscope Centrifuge.” 

“The Comparative Radiosensitivity of 
Marine Invertebrate Eggs.” 

“Anomalous Potential Differences 
across Frog Skin.” 

“The Carbon Dioxide Dissociation 
Curve of Frog’s Skeletal Muscle.” 

“The Effect of Acid and Alkali on the 
Plasmogel of Ameceba proteus.” 

“The Action of Salts on Fundulus 
Embryos.” 

“The Estimation of the Growth of 
Yeast Populations with a Photo- 
electric Cell.” 

“ A Simplified Technique for the Cul- 
tivation of Tissues in Vitro.” 

“Some Genetic Consequences of Self- 
Fertilization and Cross-Fertilization 
in Paramecium aurelia.” 


“Motion Pictures Showing the Con- 
traction of Arterioles in the Rabbit’s 
Baie.” 

“Moving Pictures of the ‘Fast Mo- 
tion’ Type of Various Cells in Liv- 
ing Frog Tadpoles.” 

“The Effects of Penetrating and Non- 
Penetrating Acids and Bases on the 
Oxidation-Reduction Potential of 
Asterias Ova and of Asterias 
Sperm.” 


“On Inhibition of Maturation of Star- 
fish Eggs by Acids and Acid Pro- 
ducing Agents and the Reversal of 
this Process by Alkalies.” 
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Miss ANNA K. KELTcH, 
Miss LucrtteE WADE, AND 


Dr. G. H. A. CLoweEs 


Miss ILENE HarryMAN, 
Miss LucitLteE WApDE, 


Miss Anna K. KELTCH, AND 
Dr. G. H. A. CLowEs 


DRUM GEUANUBERGY Geen a. cious « 


ID) pes Gen Ga VAN e ) say sates Goals) cso 
Dr. Dorotuy R. STEWART AND 
Deeg ele PN COBS vara a cnerciclst sie et 6.» = 
Dr. Dorotuy R. STEWART AND 
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“On the Contrasting Sensitivity of 
Eggs and Sperm to Various Chemi- 
cal Agents.” 


“On the Action of Soaps of the Ole- 
ate and Ricinoleate Series on Arba- 
-cia Sperm.” 

“On the Formation of the Segmenta- 
tion Furrow in the Sea Urchin 
sheer” 

“pH of the Arbacia Egg.” (Pre- 
sented by Dr. R. Chambers.) 


“The Influence of Temperature on the 
Permeability of the Arbacia Egg to 
Ethylene Glycol.” 


“The Permeability of the Egg of As- 
terias to Water.” 

“The Use and Cost of Electrical En- 
ergy in Relation to Investigators in 
Attendance at the Marine Biological 
Laboratory.” 


7. MEMBERS OF THE CORPOR AMON 


1 


LirE MEMBERS 


Attis, Mr. E. P., Jr., Palais Carnoles, Menton, France. 
ANDREWS, Mrs. GWENDOLEN FOULKE, Baltimore, Md. 

Bituiincs, Mr. R. C., 66 Franklin St., Boston, Mass. 

CoNKLIN, Pror. Epwin G., Princeton University, Princeton, N. J. 
CootripcE, Mr. C. A., Ames Building, Boston, Mass. 

Crane, Mr. C. R., New York City. 

Evans, Mrs. GLENDOWER, 12 Otis Place, Boston, Mass. 

Fay, Miss S. B., 88 Mt. Vernon St., Boston, Mass. 

Foot, Miss KaTHERINE, Care of Morgan Harjes Cie, Paris, France. 
GARDINER, Mrs. E. G., Woods Hole, Mass. 

Jackson, Miss M. C., 88 Marlboro St., Boston, Mass. 

Jackson, Mr. Cuas. C., 24 Congress St., Boston, Mass. 

Kipper, Mr. NatHaniet T., Milton, Mass. 


Kine, Mr. Cuas. A. 


Lee, Mrs. Freperic S., 279 Madison Ave., New York City, N. Y. 
Lowe tt, Mr. A. Lawrence, 17 Quincy St., Cambridge, Mass. 
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McMurricu, Pror. J. P., University of Toronto, Toronto, Canada. 

Means, Dr. James Howarp, 15 Chestnut St., Boston, Mass. 

MerrIMAN, Mrs. DanteEt, 73 Bay State Road, Boston, Mass. 

Minns, Miss Susan, 14 Louisburg Square, Boston, Mass. 

Morean, Mr. J. Prrrpont, Jr., Wall and Broad Sts., New York City, 
IN SG: 

Morcan, Pror. T. H., Director of Biological Laboratory, California 
Institute of Technology, Pasadena, Calif. 

Morean, Mrs. T. H., Pasadena, Calif. 

Noyes, Miss Eva J. 

Ossorn, Pror. Henry F., American Museum of Natural History, New 
YNCorelks, IN Ye 

Puituies, Mrs. JoHN C., Windy Knob, Wenham, Mass. 

Porter, Dr. H. C., University of Pennsylvania, Philadelphia, Pa. 

Sears, Dr. Henry F., 86 Beacon St., Boston, Mass. 

SuHepp, Mr. E. A. 

THORNDIKE, Dr. Epwarp L., Teachers College, Columbia University, 
New York City, N. Y. 

TRELEASE, Pror. WILLIAM, University of Illinois, Urbana, III. 

Wake, Miss Mary L., 41 Brimmer St., Boston, Mass. 

Wittiiams, Mrs. Anna P., 505 Beacon St., Boston, Mass. 

Witson, Dr. E. B., Columbia University, New York City, N. Y. 


2. REGULAR Mempers, 1932 


Apvams, Dr. A. EvizasetH, Mount Holyoke College, South Hadley, 
Mass. 

Appison, Dr. W. H. F., University of Pennsylvania Medical School, 
Philadelphia, Pa. 

Apo.tpeH, Dr. Epwarp F., University of Rochester, School of Medicine 
and Dentistry, Rochester, N. Y. 

ALeg, Dr. W. C., University of Chicago, Chicago, Ill. 

ALLEN, Pror. Cuar_es E., University of Wisconsin, Madison, Wis. 

ALLEN, Pror. Ezra, New York Homeopathic Medical College, New 
York City, N. Y. 

Attyn, Dr. Harriet M., Mount Holyoke College, South Hadley, Mass. 

AmBERSON, Dr. Witt1AM R., University of Tennessee, Memphis, Tenn. 

Anverson, Dr. E. G., California Institute of Technology, Pasadena, 
Calif. 

ARMSTRONG, Dr. Puitip B., Cornell University Medical College, New 
Mork Citys Nowe 

Austin, Dr. Mary L., Wellesley College, Wellesley, Mass. 

BaiTSELL, Dr. Grorce A., Yale University, New Haven, Conn. 
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Baker, Dr. E. H., 5312 Hyde Park Boulevard, Hyde Park Station, 
Chicago, III. 

BaALpwIN, Dr. F. M., University of Southern California, Los Angeles, 
Calis 

Barp, Pror. Puittp, Harvard University Medical School, Boston, 
Mass. 

Bartu, Dr. L. G., Columbia University, New York City, N. Y. 

BECKWITH, Dr. Cora J., Vassar College, Poughkeepsie, N. Y. 

Beure, Dr. ELtinor H., Louisiana State University, Baton Rouge, La. 

BENNITT, Dr. Rupotr, University of Missouri, Columbia, Mo. 

BiceLow, Dr. H. B., Museum of Comparative Zoology, Cambridge, 
Mass. 

BicELow, Pror. R. P., Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

BINForD, Pror. Raymonp, Guilford College, Guilford College, N. C. 

BISSONNETTE, Dr. T. H., Trinity College, Hartford, Conn. 

BLANCHARD, Pror. KENNETH C., New York University, Washington 
Square College, New York City, N. Y. 

Bovine, Dr. J. H., University of Iowa, Iowa City, Ia. 

Borne, Dr. Avice M., Yenching University, Peking, China. 

Bow .inc, Miss RacueL, Columbia University, New York City, N. Y. 

Box, Miss Cora M., University of Cincinnati, Cincinnati, O. 

BRADLEY, PRror. Harotp C., University of Wisconsin, Madison, Wis. 

BraiLey, Miss Miriam E., 800 Broadway, Baltimore, Md. 

Bripces, Dr. Catvin B., California Institute of Technology, Pasadena, 
Calif. 

Bronk, Dr. D. W., University of Pennsylvania, Philadelphia, Pa. 

Brooks, Dr. S. C., University of California, Berkeley, Calif. 

BuckincHaAM, Miss Epitu N., Sudbury, Mass. 

BupIncTon, Pror. R. A., Oberlin College, Oberlin, O. 

BuLuincTon, Dr. W. E., Randolph-Macon College, Ashland, Va. 

Bumpeus, Pror. H. C., 76 Carlton Road, Waban, Mass. 

Byrnes, Dr. Estuer F., 1803 North Camac Street, Philadelphia, Pa. 

CaLKIns, Pror. Gary N., Columbia University, New York City, N. Y. 

CALVERT, Pror. Puitip P., University of Pennsylvania, Philadelphia, 
Pa. 

CANNAN, Pror. R. K., University and Bellevue Hospital Medical Col- 
lege, New York City, N. Y. 

Cartson, Pror. A. J., University of Chicago, Chicago, III. 

CaroTHers, Dr. E. ELEANor, University of Pennsylvania, Philadelphia, 
Pak 

CaRROLL, Pror. Mitrcuet, Franklin and Marshall College, Lancaster, 
Pat 
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Carver, Pror. Gait L., Mercer University, Macon, Ga. 

CaTTeLL, Dr. McKeen, Cornell University Medical College, New York 
City NNe 

CaTTELL, Pror. J. McKren, Garrison-on-Hudson, N. Y. 

CaTTELL, Mr. Ware, Garrison-on-Hudson, N. Y. 

CHAMBERS, DR. Rogert, Washington Square College, New York Uni- 
versity, Washington Square, New York City, N. Y. 

CuHarLTon, Dr. Harry H., University of Missouri, Columbia, Mo. 

Cuatron, Dr. Epouarp, University of Strasbourg, Strasbourg, France. 

CHENEY, Dr. Ratpu H., Biology Department, Long Island University, 
Brooklyn, N. Y. 

Curpester, Pror. F. E., West Virginia University, Morgantown, 
W. Va. 

CuILp, Pror. C. M., University of Chicago, Chicago, III. 

Ciapp, Pror. CorNELIA M., Montague, Mass. 

Cxiark, Pror. E. R., University of Pennsylvania, Philadelphia, Pa. 

CLELAND, Pror. RALPH E., Goucher College, Baltimore, Md. 

CiLoweEs, Pror. G. H. A., Eli Lilly & Co., Indianapolis, Ind. 

Cor, Pror. W. R., Yale University, New Haven, Conn. 

Coun, Dr. Epwin J., 183 Brattle Street, Cambridge, Mass. 

Cote, Dr. ELzert C., Williams College, Williamstown, Mass. 

Cote, Dr. Kennet S., College of Physicians and Surgeons, 630 West 
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Lunp, Dr. E. J., University of Texas, Austin, Tex. 
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McCiunc, Pror. C. E., University of Pennsylvania, Philadelphia, Pa. 

McGee, Dr. Anita NEwcoms, Box 363, Southern Pines, N. C. 
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Nonipez, Dr. José F., Cornell University Medical College, New York 
City, N. Y. 

OKKELBERG, Dr. PETER, University of Michigan, Ann Arbor, Mich. 

OszurN, Pror. R. C., Ohio State University, Columbus, O. 
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PacKarbD, Dr. CHARLES, Columbia University, Institute of Cancer Re- 
search, 1145 Amsterdam Ave., New York City, N. Y. 
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PApPENHEIMER, Dr. A. M., Columbia University, New York City, 
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Parker, Pror. G. H., Harvard University, Cambridge, Mass. 

Paton, ProF. STEWART, Princeton University, Princeton, N. J. 

Patten, Dr. Braptey M., Western Reserve University, Cleveland, O. 

PATTEN, Pror. WiLtLIAM, Dartmouth College, Hanover, N. H. 

Payne, Pror. F., University of Indiana, Bloomington, Ind. 

PEARL, Pror. RAyMoND, Institute for Biological Research, 1901 East 
Madison Street, Baltimore, Md. 

Pearse, Pror. A. S., Duke University, Durham, N. C. 

PEEBLES, Pror. FLORENCE, California Christian College, Los Angeles, 
Calif. 

Puittrps, Dr. E. F., Cornell University, Ithaca, N. Y. 
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Pinney, Dr. Mary E., Milwaukee-Downer College, Milwaukee, Wis. 
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ISOeMMON TOR COLEIDIUM STRIATUM STOKES TIN 
BACT EP RIA-PREE CULTURES AND THE RELATION 
OF GROWTH TO pH OF THE MEDIUM 


ALFRED M. ELLIOTT 


BioLocrcaL LaporaTory, UNiversiry CoLLtEGE, NEw YorK UNIVERSITY 


INTRODUCTION 

Until rather recently, the many attempts to grow ciliates in bacteria- 
free cultures have met with little success. One of the first unquestioned 
cases is that of Glaucoma piriformis, which was isolated by Lwoff in 1922 
and has been maintained in bacteria-free cultures for the past ten years 
(Lwoff, 1932). Peters (1921) had previously reported the establish- 
ment of bacteria-free cultures of Colpidium colpoda, but his results were 
criticised by Oehler (1924), who pointed out that the tests for bacterio- 
logical purity of the cultures were inadequate. Peters himself later 
reported (Gatenby and Cowdry, 1928, pp. 412-413) the recovery of 
bacteria from his cultures of Colpidium. Oechler, however, isolated 
strains of Colpoda steinti in 1916 and C. cucullus in 1923 (Oehler, 
1924), and was able to maintain them on spinach broth. Miulkovitch 
(1929) isolated another strain of Glaucoma piriformis, using a medium 
somewhat more complicated than that of Lwoff. In 1930 Glaser and 
Coria reported the establishment of bacteria-free strains of Trichoda 
pura and Paramecium caudatum, and more recently (Glaser, 1932) 
Paramecium multimicronucleatum has been added to the list. In addi- 
tion, Hetherington (1932) has reported the establishment of bacteria- 
free cultures of Colpidium campylum, Glaucoma scintillans and Loxo- 
cephalus sp. 

In the present investigation the writer has isolated Colpidium 
striatum in bacteria-free cultures and, as a necessary preliminary to fur- 
ther investigations, has attempted to devise satisfactory culture methods 
and to determine the relation of growth to pH of the medium. The 
writer wishes to express his appreciation to Professor R. P. Hall for 
suggestions during the course of the investigation. 


MATERIAL AND METHODS 


The bacteria-free strain of Colpidium striatum used in this investi- 
gation is a pure line derived from a single organism which was isolated 
from a hay infusion culture. By employing sterile micropipettes, de- 
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pression slides, Petri dishes and a 0.25 per cent tryptone medium a single 
organism was washed free of bacteria in the manner described by Par- 
part (1928) for Paramecium. It was found that when the bacteria 
were entirely eliminated, the Colpidium gradually decreased in size and 
then died after about two days. During the washing process, however, 
when a few bacteria were still present, the organism usually divided 
several times. These results finally led to the following procedure. A 
single ciliate was transferred to a tube of dextrose broth along with a 
few bacteria; abundant growth of the ciliates occurred. From this tube 
others were inoculated by the loop method, each loop containing ap- 
proximately 10-20 ciliates together with a few bacteria. Growth of the 
ciliates was maintained through several series of such transfers, and by 
the plating method it was noted that the bacterial count was gradually 
decreasing. It was obvious at this point that the bacteria were not the 
sole source of food for the ciliates, since the concentration of protozoa 
was many times as great as that of the bacteria. This period of sub- 
culturing might be considered a sort of “ acclimatization period” during 
which the number of bacteria is greatly reduced and the ciliates become 
more and more dependent upon nutritive substances in solution. After a 
number of series of such subinoculations, agar plates inoculated (1.0 cc.) 
from a number of culture tubes failed to show any bacterial colonies 
(duplicate series of plates were incubated at 37° C. and at room tem- 
perature for 10 days). In previous tests the presence of bacteria had 
been distinctly evident after 48 hours at 37° and after 4 days at room 
temperature. In the case of plates which showed no bacterial colonies, 
the colonies of ciliates were examined by the usual bacteriological stain- 
ing methods as a confirmatory test. ‘These bacteria-free ciliate colonies 
were then transplanted to liquid media, in which growth has since been 
maintained. Subsequent tests for bacteria, repeated at intervals over a 
period of several months, have been consistently negative. 

Although a comparatively slow procedure, the method of isolation 
just described may have certain advantages. Most investigators have 
attempted to transfer ciliates directly from bacterized cultures to sterile 
media, and have failed to obtain growth in many cases; similarly, the 
writer’s attempts to use this method were unsuccessful with Colpidium 
and several other ciliates. The more gradual elimination of bacteria by 
the dilution method was effective in the case of Colpidium and may prove 
to be so for other ciliates which cannot survive a sudden transfer from 
heavily bacterized to bacteria-free media. 

In attempts to determine types of media satisfactory for growth of 
Colpidium striatum various kinds of Difco peptones and bacteriological 
media were tried. Difco dextrose broth gave excellent results, with 
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maximum populations of approximately 200,000 per cc. Inoculation of 
Durham fermentation tubes containing phenol-red dextrose broth was 
followed by acid fermentation in 24 hours, indicating that Colpidium 
utilizes dextrose readily. Difco nutrient gelatin and litmus milk were 
fairly satisfactory. In the gelatin tubes stratiform liquefaction was 
evident after 24 hours (room temperature), and the depth of the lique- 
fied zone increased steadily throughout the period of observation (5 
days). In litmus milk the casein was coagulated and the indicator 
reduced after about 48 hours, and complete peptonization had occurred 
in about two weeks. It is obvious, therefore, that Colpidium striatum 
produces a gelatinase and an enzyme capable of hydrolyzing casein. A 
similar gelatinase has previously been reported by Lwoff (1932) in 
Glaucoma piriformis. Of the various peptones tested, Difco tryptone 
proved to be very satisfactory, and has therefore been used in some of 
the experiments described below. 

For experimental purposes the ciliates were grown in 16 X 150 mm. 
Pyrex tubes plugged with cotton. With the exception of Series I, ex- 
perimental cultures were incubated at a temperature of 28° C. in a water 
bath, the cultures being inclined on a wire rack at an angle of 45 degrees, 
18 inches below a battery of six 100-watt light bulbs. In tubing the 
media, 9.6 cc. of the appropriate medium at the desired pH were meas- 
ured directly into the culture tube by means of a Schellbach burette 
graduated to 0.1 cc.; after sterilization in the autoclave, the amount of 
medium in each tube was approximately 9.0 cc. The pH of the medium 
was adjusted by means of a LaMotte roulette comparator, readings being 
subject to an error of + 0.1. 

In determining amounts of growth, initial and final counts were made 
with a Sedgwick-Rafter counting chamber and a Whipple micrometer. 


GROWTH IN RELATION TO PH oF THE MEDIUM 


Series I 


In this preliminary series to determine the optimum pH and growth 
range for Colpidium, the following medium was used: 


DRINK O)a ish ts oe ea sk ete ESE sh int 0.5 gram 
SET STATS: Oe yeu athe tea i at aac c ciccse lal Rea 0.5 a 
SNITCH Oh 9 8 Lea aan mR Regs os kd Oe25j6 25°" 
INFENGIID Las AS Ts, Sota on nee Se PST IS ola OOS 
TN Coal a OU Hs cue cia PR REL oe 11-5) - 
DH COmbIay MEOMEME Ye 5) hiya, sis evans: ape ea renee eee eee 3.0 : 
Distilledewaterins ei saids 4.00 .n sls werewetereen 1.0 liter 


The addition of sodium acetate to the medium was expected to increase 
the growth rate of Colpidium, since this substance has been shown 
(Mainx, 1928; Jahn, 1932; Lwoff, 1932; Loefer, MSS) to have such 
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an effect on certain flagellates; later findings, however, have indicated 
that the reverse is true for Colpidium. The pH of the different sets of 
tubes after inoculation was determined (Table I), and the series was 
grown at room temperature for 96 hours; half of the tubes in each set 
being counted at 48 hours and the remainder at 96 hours. The initial 
count was 234 organisms per cubic centimeter ; the 48-hour and 96-hour 
counts are indicated in Fig. 1. Very little, if any, growth occurred in 
the tubes having an initial pH of 5.0, 5.5 and 9.1; and there was no 
growth below pH 5.0. 

In determining the pH of the various sets of tubes after 48 and 96 
hours of incubation, respectively, it was noted that distinct changes had 
been produced in the majority of instances (Table 1). The tubes with 
an initial pH of 7.5 and below showed a decrease in hydrogen ion con- 
centration ; those of 8.0 and higher showed an increase. 

The counts indicated that maximum growth had occurred in the tubes 
with an initial pH of 6.6; however, the pH of these tubes had risen to 
7.3 at 48 hours and to 8.2 at 96 hours. It was apparent that the medium 
was not buffered sufficiently to maintain a reasonably constant pH during 
the period of incubation, and in later series the composition of the 
medium was changed in attempts to meet this difficulty. 


Series II 


The medium used in this series was made up with increased amounts 
of buffer substances in the hope of preventing some of the pH changes 
noted in Series I: 


FINI @ iy SHOT une trees Ro se meclate, oy Scie ce BN aeyS coe 0.5 gram 
OH EP. Og tls seers e tee he hae eee it cee ate ies 1.0 i 
IRS Oe ene be eis aime cei aS Bt NG O25 
IN GM rani tier inh iene cnca ron reraee 6 ert nsearee ney meres ONO" 
IDSHIGO) WARING Sobsconcosoccnondodan000000C 8.0 i 
Distillledsewaterisscscwc a ccke hes eieeceoe eke eee 1.0 liter 


With an initial count of 1630 per cc., the pH of the various sets of 
tubes (Table II) ranged from 3.5 to 9.7. The series was incubated for 
96 hours in a water bath at a constant temperature of 28.0° C. A\l- 
though changes in pH (Table Il) were noted in the tubes of this series 
also, they were not quite so extensive as in Series I. 

The growth range, in this series, extended from 4.2 to 8.6 (initial 
pH), although very little growth occurred in the tubes at the two ends of 
the range. A more interesting feature of this series is the fact that, at 
48 hours, maximum growth (Fig. 2) had occurred in the tubes with an 
initial pH of 5.5; those at 6.9 ranked second; while the tubes at 6.2 and 
6.4 showed distinctly less growth. At 96 hours the maximum growth 
had shifted to the tubes with an initial pH of 6.4, while those at 5.5 


GROWTH OF COLPIDIUM IN RELATION TO pH 49 


ranked second, with a distinctly lower count at 6.2. These unexpected 
results were complicated by pH changes in the medium during growth of 
the ciliates, but they suggest that two different pH zones are favorable 
to growth of Colpidium, a condition which was not apparent in the 
medium (containing sodium acetate) used in Series I. 


TABLE I 
Initial pH pH at 48 hours PH at 96 hours Change in pH 
3.5 3.8 3.9 0.4 
4.2 4.3 4.3 0.1 
4.6 4.7 4.7 0.1 
5.0 5.4 5.4 0.4 
5.5 5.5 5.5 0.0 
6.2 6.9 7.8 1.6 
6.6 7.3 8.2 1.6 
Uo? 7.7 
7.5 7.8 8.0 0.5 
8.0 7.9 7.9 —0.1 
8.4 7.9 7.9 —0.6 
8.6 7.9 
9.1 8.5 8.5 —0.6 
Tas_Le II 
Initial pH pH at 48 hours PH at 96 hours Change in pH 
3.5 3.5 3.5 0.0 
4.2 4.2 4.2 0.0 
4.6 4.6 4.6 0.0 
5.0 5.0 552) 0.2 
5.5 6.5 6.6 1.1 
6.2 Ue Tol 1.3 
6.4 7.3 7.5 1.2 
6.9 7.5 7.7 0.8 
7.5 7.7 7.8 0.3 
8.2 7.9 7.9 —0.3 
8.4 8.2 8.2 —0.2 
8.6 8.5 8.4 —0.2 
9.7 9.7 9.7 0.0 
Sertes III 


In view of the differences between Series I and II it was decided to 
compare growth with and without sodium acetate, and also to add more 
tryptone to the medium in the hope of decreasing the pH changes. The 
medium was the same as that in Series II, except that 10 grams of tryp- 
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tone were used instead of 8. To half of the medium, sodium acetate was 
added in a concentration of 0.2 per cent, and the pH of different portions 
of each was adjusted to the desired points. The initial pH of each set 
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Fic. 1. Concentration of ciliates in thousands per cubic centimeter is plotted 
against initial pH. The solid line indicates growth at 48 hours; the broken line, 
growth at 96 hours. 


5.0 6.0 7.0 8.0 


Fic. 2. Series II. Final concentration in thousands per cubic centimeter 
plotted against initial pH. The solid line indicates growth at 48 hours; the broken 
line, growth at 96 hours. 


of tubes (Table III) was determined after inoculation. The initial 
count was 300 per cc. Counts were made (Fig. 3) after incubation for 
96 hours in the water bath. 

The final counts showed clearly that sodium acetate exerts a distinct 
effect on Colpidium striatum but that, contrary to expectations, the 
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Asc AUG 


With sodium acetate Without sodium acetate 


Initial pH pH at 96 hours} Change in pH Initial pH pH at 96 hours | Change in pH 


o.8) S) 0.0 3.5 Si) 0.0 
4.0 4.0 0.0 3.8 3.8 0.0 
4.5 4.5 0.0 4.5 4.5 0.0 
5-2 oe 0.0 5.0 5.0 0.0 
ae Sea) 0.0 a5) Seo) 0.0 
6.2 6.2 0.0 See! 5.8 0.1 
6.4 6.4 0.0 6.5 7.0 0.5 
7.0 US 0.5 7.0 iS 0.5 
7.8 7.9 0.1 7.6 7.6 0.0 
8.2 8.2 0.0 8.0 8.0 0.0 
8.6 8.6 0.0 8.2 8.2 0.0 
8.8 8.8 0.0 8.6 8.7 0.1 
9.5 oD 0.0 5) 9.5 0.0 


growth rate is decreased rather than increased as in Euglenida and 
Phytomonadida. In addition, the pH range which permits growth is 
narrower than in the medium without sodium acetate: 6.2 to 7.8 in the 
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Fic. 3. Series III. Concentration of ciliates in thousands per cubic centi- 
meter is plotted against initial pH. The solid line indicates concentration in the 
sodium-acetate medium; the broken line, the medium without sodium acetate. 


acetate medium, and 5.0 to 8.0 in the medium without acetate. While 
maximum growth occurred in the tubes with an initial pH of 7.0 for each 
type of medium, the medium without acetate showed a second high point 
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at pH 5.7, a type of growth similar to that noted previously in Series II. 
As indicated in Table III, the pH changes were relatively slight in this 
more heavily buffered medium; hence, it seems obvious that there are 
two “optima” for growth of Colpidium in the medium containing no 
sodium acetate, whereas only a single optimum is noted in the acetate 
medium (see also Series I). 

Series IV 


At this point in the investigation it seemed desirable to determine 
whether the “ bimaximal”’ type of growth could be observed in a dif- 
ferent medium. Consequently, Difco dehydrated dextrose broth (5 
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Fic. 4. Series IV. Concentration of organisms in thousands per cubic 
centimeter is plotted against initial pH. The solid line indicates concentration at 
48 hours; the broken line, at 96 hours. 
grams) was substituted for tryptone in the medium used in Series I. 
The initial count was 900 organisms per cubic centimeter. Preliminary 
counts were made at 48 hours, and final counts (Fig. 4) at 96 hours of 
incubation in the water bath. 

At 48 hours maximum growth had occurred in the tubes with an 
initial pH of 7.4, with a second distinct high point at 5.2. At the end 
of 96 hours, growth in the 5.2 tubes had exceeded that at 7.4. In this 
case the bimaximal type of growth was even more evident than in the 
preceding series; allowing for observed changes in pH (Table IV), the 
lower “maximum” in this case lies between pH 5.2 and 5.5, and the 
upper between 7.4 and 7.6. 
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Tasle IV 
Initial pH pH at 48 hours pH at 96 hours Change in pH 
4.0 4.0 4.0 0.0 
SZ 5.4 SED 0.3 
5.5 6.5 6.8 1.3 
5.9 6.7 7.0 1.1 
6.5 7.0 7.2 0.8 
7.0 7.2 7.5 0.5 
7.4 7.5 7.6 0.2 
7.9 7.6 7.7 —0.2 
8.0 7.7 Taff —0.3 
8.2 7.8 7.8 —0.4 
8.2 7.8 7.8 —0.4 


BIMAXIMAL GROWTH IN RELATION TO FINAL PH 


In relation to initial pH of the medium, the growth “maxima” (as 
indicated by final counts) were as follows: Series II, 5.5 and 6.4; Series 
III, 5.7 and 7.0; Series IV, 5.2 and 7.4. On comparing the final counts 
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5.0 6.0 7.0 8.0 
Fic. 5. Concentration of organisms in thousands per cubic centimeter is 
plotted against final pH in Series IJ (————___), III (—~—— — — — ) and IV 
—— y 


with the final pH, the maxima lie as follows (Fig. 5): Series II, 6.6 and 
7.5; Series IIT, 5.8 and 7.5; Series IV, 5.5 and 7.6. In Series II, the 
initial pH 6.4 had shifted to 7.3 at 48 hours, so it seems obvious that in 
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the growth of Colpidium striatum in relation to pH, one optimum lies 
above 7.0 (perhaps near 7.5—7.6), while the other lies in the acid range, 
the lowest optimum (5.5) being observed in dextrose broth medium. 


Division RATE IN RELATION TO FINAL PH 


Conflicting results have been reported concerning the relation of 
hydrogen-ion concentration to division rate in ciliates. Darby (1929) 
demonstrated, within the limits of his experiments, that Paramecium 
caudatum and P. aurelia show a marked difference in division rate in 
media of varying pH values. Phelps (1931), however, found that P. 
aurelia, grown on one strain of bacteria, showed no difference in division 
rate between pH limits of 5.9 and 7.7. He attributed any change in 
fission rate, within these limits, to a change in the available bacterial 
food and not to the direct action of pH. However, in comparing the 
average fission rate per day of Colpidium striatum, calculated from final 
counts using the formula, 

} wiles b—log B 

log 2 

with final pH, the following differences were noted: In Series II, at pH 
5.2 and 7.8 the fissions per day were 0.60 and 0.64 respectively ; while at 
the optima, pH 6.6 and 7.5, the rates were 0.72 and 0.80. In Series III, 
at pH 5.0 and 7.6 the fission rates were 0.36 and 0.94; at the optima, 
pH 5.8 and 7.5, the rates were 1.52 and 1.71. Likewise in Series IV, 
at pH 5.5 and 7.7, the fission rates were 1.44 and 1.04 respectively; at 
the alkaline optimum (pH 7.6), 1.39 fissions per day. These results 
indicate that, within the range mentioned by Phelps, the division rate of 
Colpidium striatum varies with pH of the medium, as previously main- 
tained by Darby (1929) for Paramecium. 


d 


DISCUSSION 


The literature on the relation of hydrogen-ion concentration to the 
growth of ciliates is not very extensive, and at the same time somewhat 
contradictory results have in certain instances been reported for the same 
species. A survey of the information available indicates that Colpidium 
striatum is tolerant to a somewhat wider range of hydrogen-ion concen- 
tration than is the case for a number of other ciliates. On the basis of 
the results described above, C. striatum will grow in media with initial 
pH of 4.0 to 8.6, with a narrower range in a medium containing sodium 
acetate. The range is somewhat broader than that (approximately 
6.0 to 8.5) described by Pruthi (1926) for Colpidium sp., but agrees 
fairly well with the findings of Mills (1931) that the rate of food- 
vacuole formation increases from pH 4.5 to 6.0 and then decreases to 
zero at pH 8.0. Other ciliates show a more restricted pH range. For 
example, the range for Spirostomum ambiguum, as reported by Saunders 
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(1924), is pH 68 to 7.8, and according to Morea (1927), pH 6.5-8.0. 
Darby (1929) stated that in Paramecium caudatum division occurs be- 
tween pH 5.3 and 8.2; P. aurelia, according to the same author, grows 
at pH 5.7-7.8, while Morea (1927) stated that this species would live at 
pH 6.0 to 9.5. On the other hand, P. multimicronucleatum is more 
nearly comparable with Colpidium striatum, since it grows at pH 4.8-8.3 
(Jones, 1930). An interesting feature in the growth of Colpidium 
striatum is the presence of two pH “ optima.” Loefer (1932) has noted 
a similar situation in the growth of Chilomonas. Hopkins (1928), in 
comparing the relation of pH to rate of locomotion in Ameba proteus, 
obtained a double optimum with an intermediate low point at pH 7. 
Likewise, Mast (1931), in comparing length of life with pH in the same 
form, observed one optimum at pH 6.6-7.0 and another at 5.0-6.4. In 
growth of Colpidium striatum one optimum appears above pH 7.0 and 
another below pH 7.0. An explanation of this bimaximal type of 
growth range in Colpidium is not yet available, but it may possibly in- 
volve the activities of different types of enzymes elaborated by the 
ciliates. 

The effect of sodium acetate on C. striatum was surprising. Various 
investigators (Mainx, 1928; Jahn, 1932; Lwoff, 1932; Loefer, MSS) 
are agreed that this substance greatly accelerates the growth of certain 
flagellates. Such reports have been confirmed by the writer in the case 
of Hematococcus pluvialis; this flagellate was grown in the acetate 
medium used for Colpidium as a check on the results obtained with the 
ciliate—growth of Hematococcus was distinctly accelerated by sodium 
acetate. Collett (1919), however, observed that the acetate radical, 
among others, was toxic to both Paramecium and Euplotes. Mast 
(1931) also found that acetate in N/1000 concentration was more toxic 
than several other anions (—SO,, — NO,, — Cl, —PO,). In the 
case of C. striatum, addition of sodium acetate to the medium brings 
about a definite depression of the division rate. At the same time, the 
growth range in relation to pH is distinctly narrowed, and the two pH 
“optima” (seen in media without acetate) are replaced by a single 
optimum. The significance of these peculiar effects of acetate on 
Colpidium is still unknown. 

SUMMARY 


The method used in isolating Colpidium striatum in bacteria-free 
cultures is outlined, and suitable culture media are described. Growth 
of the ciliates was found to occur within the pH range 4.0 to 8.6. 
Within this range two growth “ maxima” were observed, one above and 
one below pH 7.0. Addition of sodium acetate to the medium re- 
stricted the growth range, depressed the fission rate, and brought about 
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a replacement of the two growth “maxima” by a single maximum. 
Division rate was found to vary with the pH of the medium. Acid 
fermentation of dextrose, liquefaction of gelatin, and peptonization of 
litmus milk were observed. 


LITERATURE CITED 


CottettT, M. E., 1919. The Toxicity of Acids to Ciliate Infusoria. Jour. Exper. 
Zool., 29: 443. 

Darsy, H. H., 1929. The Effect of Hydrogen-ion Concentration on the Sequence 
of Protozoan Forms. Arch. f. Protist., 65: 1. 

GaTENBY, J. B., anp E. V. Cownry, 1928. Bolles Lee’s Microtomist’s Vade-mecum 
(Philadelphia, Blakiston). 

GLASER, R. W., 1932. Cultures of Certain Protozoa, Bacteria-free. Jour. Parasit., 
19: 173 (Abstract). 

GLASER, R. W., anv N. A. Corta, 1930. Methods for the Pure Culture of Certain 
Protozoa. Jour. Exper. Med., 51: 787. 

HetuHerincton, A., 1932. The Constant Culture of Stentor coeruleus. Arch. f. 
Protist., 76: 118. 

Hopkins, D. L., 1928. The Effects of Certain Physical and Chemical Factors on 
Locomotion and Other Life Processes in Amceba proteus. Jour. Morph., 
45: 97. 

Jaun, T. L., 1932. The Effect of Certain Organic Acid Radicals on Growth of 
Euglena gracilis. Anat. Rec., 54 (Suppl.) : 42 (Abstract). 

Jones, E. P., 1930. Paramecium Infusion Histories. I. Hydrogen-ion Changes 
in Hay and Hay-flour Infusions. Biol. Bull., 59: 275. 

Lorrer, J. B., 1932. Relation of Hydrogen-ion Concentration to Growth of 
Chilomonas. Anat. Rec., 54 (Suppl.) : 102 (Abstract). 

Lworr, A., 1932. Recherches biochemiques sur la nutrition des Protozoaires. Le 
pouvoir synthése. Monographies de l’Institute Pasteur (Paris, Masson et 
Cie), 158 pp. 

Marnx, F., 1928. Beitrage zur Morphologie und Physiologie der Eugleninen. 
I. Teil. Morphologische Beobachtungen, Methoden und Erfolge der 
Reinkultur. II. Teil. Untersuchungen iiber die Ernahrungs- und Reiz- 
physiologie. Arch. f. Protist., 60: 305. 

Mast, S. O., 1931. Effects of Salts, Hydrogen-ion Concentration, and Pure Water 
on Length of Life in Amceba proteus. Physiol. Zool., 4: 58. 

Mitxovitcu, G., 1929. Action du sérum humain sur un infusoire, Glaucoma 
piriformis. Compt Rend. Soc. Biol., 100: 417. 

Mitts, S. M., 1931. The Effect of the Hydrogen-ion Concentration on Protozoa, 
as Demonstrated by the Rate of Food Vacuole Formation in Colpidium. 
Brit. Jour. Exp. Biol., 8: 17. 

Morea, L., 1927. Influence de la concentration en ions H sur la culture de quelques 
Infusoires. Compt. Rend. Soc. Biol., 97: 49. 

Oruter, R., 1924. Weitere Mitteilungen tiber gereinigte Amoeben- und Ciliaten- 
zucht. Arch. f. Protist., 49: 112. 

Parpart, A. K., 1928. The Bacteriological Sterilization of Paramecium. Biol. 
Bull., 55: 113. 

Peters, R. A., 1921. The Substances Needed for the. Growth of a Pure Culture 
of Colpidium colpoda. Jour. Physiol., 55: 1. 

Puetes, A., 1931. Effect of Hydrogen-ion Concentration on the Division Rate 
of Paramecium aurelia. Science, 74: 395. 

Prurul, H. S., 1926. On the Hydrogen-ion Concentration of Hay Infusions, with 
Special Reference to its Influence on the Protozoan Sequence. Brit. Jour. 
Exper. Biol., 4: 292. 

Saunpers, J. T., 1924. The Effect of the Hydrogen-ion Concentration on the 
Behavior, Growth and Occurrence of Spirostomum. Biol. Rev., 1: 189. 


MARINE BACTERIA AND THEIR ROLE IN THE CYCLE OF 
Pie UN Ey, SrA 


I. DECOMPOSITION OF MARINE PLANT AND ANIMAL RESIDUES BY 
BACTERIA 2 


SELMAN A. WAKSMAN, CORNELIA L. CAREY,2 AND HERBERT 
W. REUSZER 


(From the Woods Hole Oceanographic Institution and the New Jersey Agricultural 
Experiment Station) 


The synthesis of organic matter in the sea through the agency of the 
chlorophyll-bearing plants, ranging from the smallest diatoms to the 
largest algz, consists in the assimilation of the carbon as CO,, of the 
nitrogen as nitrate, and probably to a lesser extent as ammonia and 
nitrite, of the phosphorus as phosphate, and of other elements in lower 
concentrations. Before these elements can be returned to circulation, 
after the plants as well as the animals which fed partly upon them die, 
the complex organic substances have to be decomposed through the 
agency of bacteria. If one is to judge by analogy with the decomposi- 
tion processes which take place on land, the liberation of the elements in 
a mineralized form does not represent a simple process, but rather a 
chain of processes. The rate of liberation of the elements by bacterial 
action depends primarily upon the chemical composition of the materials 
undergoing decomposition and upon the organisms active in the decom- 
position processes. 

The following investigations were undertaken for the purpose of 
determining to what extent the chemical composition of marine residues 
of plant and animal origin influences the rate of their decomposition by 
marine bacteria and the rate of liberation of the important elements, 
especially nitrogen, in an available form. It was further essential to 
obtain light upon the mechanism of decomposition of some of the chemi- 
cal constituents of the marine residues by specific members of the bac- 
terial population of the sea. These investigations can be classified, 
therefore, under three distinct headings, namely: (1) the chemical com- 
position of marine zooplankton and of certain marine alge, (2) the de- 
composition of the plankton and algal material in sea water and in marine 

1 Contribution No. 17 of the Woods Hole Oceanographic Institution and Jour- 
nal Series paper of the New Jersey Agricultural Experiment Station, Department 


of Soil Microbiology. 
2 Department of Botany, Barnard College, Columbia University. 
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mud by bacteria, (3) the decomposition of certain algal constituents by 
specific bacteria isolated from the sea. 


MATERIALS USED AND THEIR CHEMICAL COMPOSITION 


Two types of organic matter of marine origin were used in this 
investigation, one representing zooplankton and one algal material. The 
zooplankton was collected on July 6, 1932, in Buzzard’s Bay, by means 
of an ordinary scrim plankton net. As soon as brought to the labora- 
tory, the excess liquid was pressed out through cheesecloth and through 
a fine silk net, and plankton then dried in a current of warm air. The 
plankton consisted largely of copepods (Centropages hamatus and C. 
iypicus), a few isopods, decapods, Sagitta elegans, fragments of hy- 
droids, and fish eggs. The liquid pressed out by ordinary hand pressure 
from the original plankton was examined and found to consist largely 
of bacteria and some colloidal material. 

The air-dry plankton contained 6.7 per cent moisture. This material 
was subjected to analysis and the results calculated on a dry basis. The 
total dry plankton was found to consist of 7.88 per cent nitrogen, 28.1 
per cent ash, of which 15.1 per cent was sea salt as calculated from the 
chlorine content. The complete proximate analysis (22) of the plankton 
is given in Table I. 
: madsereio 1h 


Proximate analysis of zooplankton. Dry, salt-free basis. 


Chemical constituent Percentage 
Ether-solublesiraction(=)) ashe ce oe eee ee 10.1 
Alcohol-soluble, non-nitrogenous *...............0.000000- 4.8 
Goldwwater-solubley i 23 Ss, ste ose a eee ee ee 3.1 
Hot swwater-soluble:* 5...) 26n es iste Site Mle pete cee an eee ai oe 2.0 
britain es See ire aah ae aT ge accel Son te a NO Mien aN Bete Ar A 5.8 
EURO LL ey Wa yRie anyon HOP a vOIRe pert Rene eI RS UN ie Sauda) car BAM Ry Ean gen 55.7 
Gelltaloser ies ea ke iecesa cass HUM wee a cB alae genta ee MRD ake 2.4 
Seren ras) a Cao caleba es ks pcr ese) ENN) AS a he RO Oe ey a 2.8 
INS hevsallt Street aa ea dty ooo Way Ned iy RES me Eee aaa GORD ADE 13.0 
Motalyaccountedsfor ie yes hop Le peso es els ie clay aan Rane 99.7 


* Ash and nitrogen-free basis. 


The chitin content was determined on a separate sample, by repeated 
treatment with hot dilute hydrochloric acid (2 per cent) and hot 12 per 
cent KOH solution, then washing with alcohol and ether. The nitrogen 
of the chitin was subtracted from the total nitrogen of the material and 
the rest calculated as protein, using the factor 6.25. The cellulose con- 
tent was calculated from the amount of sugar produced on hydrolysis of 
the plankton residue (after extraction with hot dilute acid) with 80 per 
cent sulfuric acid in the cold, diluting with 15 volumes of water and 
heating in order to complete the hydrolysis. The total sugar formed on 
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hydrolysis was corrected for the reducing sugar produced from the chitin 
and calculated as cellulose, using the factor 0.9. The cold water extract 
of the plankton was free from reducing sugar, while the hot water and 
the hot dilute acid extracts were free from glycogen and hemicellulose. 
Just as in the case of the alcohol extract, the cold and hot water-soluble 
fractions were corrected for ash and nitrogenous constituents. 

The danger of using alcohol for the preservation of the plankton is 
brought out by the fact that when treated with 95 per cent ethyl alcohol, 
the total plankton gave 24.7 per cent alcohol-soluble material, of which 
23.2 per cent was organic matter. The low figure reported in the table 
for the alcohol-soluble fraction is due to the fact that in the complete 
analysis the dry plankton was first extracted with ether, while the total 
alcohol-soluble portion was corrected for ash and protein, so as to avoid 
duplicating the same constituent in the final analysis; since a large part 
of the ether-soluble material and some of the nitrogenous constituents 
are also soluble in alcohol, the corrections made resulted in reducing the 
concentration of the remaining alcohol-soluble fraction. 

The results of this analysis are quite in accord with similar analyses 
made by Brandt (2), who employed, however, the methods commonly 
used in foodstuff analysis, whereby the chemical constituents were re- 
ported as crude fat, protein, carbohydrate, crude fiber, and nitrogen-free 
extractives. 

It is important to call attention, in connection with this analysis, to 
the high content of organic nitrogenous constituents in the zooplankton 
as well as of fatty substances and of chitin, and to the low content of 
carbohydrates. The amount reported as cellulose is so small that one 
may be justified in questioning whether this represents true cellulose or 
other complexes, which give, in addition to chitin, reducing substances on 
hydrolysis with concentrated acid; the presence of a small amount of 
cellulose may also be due to certain constituents of plant origin. The 
same is true of the lignin; the concentration of this complex is so small 
that its origin in the plankton may still be considered as an open question ; 
it may actually represent a certain polyuronide not readily hydrolyzed by 
80 per cent sulfuric acid in the cold (14). 

As sources of algal material, Fucus vesiculosus, F. platycarpus, and 
Ulva lactuca were selected. In the case of the Fucus, the material was 
brought to the laboratory as soon as collected, cleaned thoroughly by 
hand to remove extraneous matter, washed 2-3 times with tap water, 
then with distilled water to remove the excess of salt, and dried at about 
80-90° C. In the case of the Ulva, however, the material was dried 
directly, without preliminary washing. The results of the analysis of 
these three algal materials are reported in Table II. 
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The cold water-soluble fraction of the Fucus contained 1 to 2.5 per 
cent reducing sugar, on the basis of the total dry material. The hot 
water-soluble fraction, when hydrolyzed with dilute acid, gave 2.8 to 3.5 
per cent reducing sugar, pointing to the presence in this fraction of com- 
plex carbohydrates. After the hot water extraction, the material was 
treated with 2 per cent hydrochloric acid, at 100° C., for 5 hours; the 
extract was removed by filtration, neutralized and analysed for reducing 
sugar ; the results obtained are reported as “ hemicelluloses.” However, 


TABLE II 


Chemical composition of three marine alge. Dry, salt-free basis. 


Se ae ane ee hence 
per cent per cent per cent 
Chemical constituent: 
Ether-soluble fraction....................... 2.3 2.3 0.8 
Alcohol-soluble fraction..................... 6.7 8.7 10.6 
Cold water-soluble organic matter............ 13.6 12.1 17.9 
Hot water-soluble organic matter............. 7.8 8.1 10.7 
“‘Hemicelluloses,’’ as reducing sugars.......... 11.2 11.8 11.0 
Wronicacid anhydride 45 4) eee eee DS) 16.1 6.2 
“‘Pentosan,’’ by furfuraldehyde method........ 28.7 24.5 31.4 
“Cellulose,’”’ as reducing sugar................ 4.3 5.4 6.2 
“Lignin,” or complexes not acted upon by 80 
per cent H»SO,in the cold *................. 5.6 6.2 2.9 
| PA ROLCSHT a cian ody Ao MURR re oI aN Ime Ur ADA e olin 5 5.4 4.7 12.4 
UNS TSANG Sale tenia atic ae es ire ears agate Mee den ar tea eee 13.9 14.6 13.6 


* This preparation not acted upon by cold 80 per cent H2SO. and boiling 5 per 
cent H,SO., is not lignin, but a largely carbohydrate-like complex. It is of interest 
to note that Butler (4) reported the presence of 5.21 per cent “crude fiber” in 
F. vesiculosus and that Schmidt (23) found that 40 per cent of the polyglycuronic 
acid in F. serratus was insoluble in cold 80 per cent H:SOsk. 


this figure does not represent the total hemicellulose, including both true 
polysaccharides and polyuronides ; when separate samples were analyzed 
for uronic acid and for total pentosan (furfuraldehyde method), con- 
siderably larger figures were obtained than those given under “ hemi- 
celluloses.” This is due to the fact that the furfuraldehyde formed on 
treatment of the material with 12 per cent hydrochloric acid may be due 
to substances consisting not only of pentoses derived from pentosans but 
also of uronic acid complexes forming polyuronides. The latter change 
on hydrolysis only incompletely to reducing sugar. The three sets of 
results for the carbohydrate groups, namely the reducing sugar formed 
on hydrolysis with dilute acid, the pentosan, and the uronic acid anhy- 
dride, overlap and render it, therefore, impossible to make a final addi- 
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tion of the results. The fractions reported as “cellulose ” and “lignin” 
do not necessarily represent the corresponding complexes in higher 
plants, for considerations similar to those presented above for these con- 
stituents in the zooplankton. 

The results of the analyses of the algal materials are also in line with 
those found by others. These algz are usually reported (3) to contain 
from 1.37 to 3.71 per cent nitrogen, 1.50 to 5.21 per cent crude fiber, 
pointing to a low cellulose and lignin content, and 15.7 to 33.2 per cent 
ash. The organic complexes are made up largely of carbohydrates, 
which could be classified with the hemicelluloses, including both true 
saccharides and polyuronides (8). Although a few specific carbohy- 
drates have been definitely demonstrated (8, 10) in algal material, such 
as mannitol, arabinose, galactose and methyl pentose or fucose, most of 
the constituents are still imperfectly described under such names as 
algin, laminarin, fucoidin, fucin, etc. Some of these complexes repre- 
sent polyuronides, as in the case of the polymer of mannuronic acid, 
which is readily isolated from Fucus by dilute alkali solutions (1, 11). 


DECOMPOSITION OF ZOOPLANKTON BY MARINE BACTERIA 


Our knowledge of the function of bacteria in decomposing the plant 
and animal residues in the sea is still very limited, the available informa- 
tion being largely based upon speculation rather than upon experimental 
evidence. It was early recognized that the bacteria active in the decom- 
position processes in the sea also synthesize new organic complexes in 
the form of bacterial cell substance. Vernon (17), for example, re- 
ported that the largest amount of purification of ocean waters is carried 
on through bacterial agency ; when sea water was kept in the darkness the 
bacteria removed a large part of the ammonia in the water and synthe- 
sized considerable slime; larvee grown in this water were larger than 
normal, which led Vernon to conclude that the bacterial cells serve as 
nutrients for these larve. The energy necessary for this bacterial syn- 
thesis is no doubt derived from the dissolved organic substances in the 
water, which have been found (12) to range from 3 mg. of carbon per 
liter of water in the Baltic Sea to 11-14 mg. in the Kiel Fjord. How- 
ever, Moore (9) concluded that only a maximum of 1 mg. of organic 
matter is dissolved in one liter of water. According to Gran and Ruud 
(5) and Krogh (7), the organic matter in solution is greatly in excess 
over that present as plankton; this organic matter was looked upon as 
mainly a waste product, which is not readily available for animal nutri- 
tion, and only to a limited extent to bacterial development. Korinek 
(6) has shown that when fresh water bacteria are placed in the sea they 
are unable to attack algal residues, while marine bacteria are able to bring 
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about active decomposition of the algal material; however, no quantita- 
tive measurements were made. The decomposition of marine alge 
added to the soil brought out the fact (15) that the larger the nitrogen 
content of the alge the greater is the amount liberated as ammonia dur- 
ing decomposition. 

In the following investigations on the decomposition of marine plant 
and animal residues by bacteria, not only was there an attempt made to 
study the rate of decomposition and the liberation of nitrogen as am- 
monia, but also to establish definite relationships between the composi- 
tion of the substrate and the rate and nature of its decomposition. 

For the study of the decomposition of the zodplankton, 150-cc. por- 
tions of fresh sea water were placed in a series of 300-cc. long-necked 
flasks; another series. of flasks received 100-gram portions of fresh 
marine mud (containing about 50 per cent moisture) and an additional 


Taste III 


Decomposition of zodplankton by bacteria in sea water and in marine mud * 


CO: liberated 


F Amount of . 
Medium used Slankton added:\| ean ee 1 eaera RANA EAT Gea NHs liberated 


total above control 
mgm. C mgm, C. mgm. N. 
Waters ou sane: 0 5.6 — 0.10 
Mii ea ee senate 0 3.2 0.25 
Water estate: 1 gram 69.7 64.1 40.30 
MAU Renae 1 gram 103.9 100.7 38.50 


* Period of decomposition—19 days. 


50 cc. of fresh sea water. Some of the flasks were left as controls, while 
some received one-gram portions of the air-dry plankton. All the flasks 
were connected, in the laboratory (16—-20° C.), with an aeration ap- 
paratus (21), and aérated daily for about one hour. The air, first freed 
from CO,, was made to bubble through the liquid of the culture or 
through the surface layer of water, in the case of the mud cultures, and 
was then passed through tubes containing standard Ba(OH), solution, 
where the CO, liberated in the process of decomposition was absorbed. 
The experiment was allowed to proceed for 19 days. 

At the end of the decomposition period, 2-cc. portions of concen- 
trated H,SO, were added to each flask and the cultures thoroughly 
aerated for about 1 to 2 hours, so as to liberate the CO, absorbed in the 
water. The flasks were then disconnected and analyzed for ammonia, 
by distillation with MgO; in the case of the mud cultures, the material 
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was first extracted with N/1 KCI solution, and the ammonia determined 
in the extract. The cultures contained no nitrite or nitrate. The results 
of the decomposition of the zooplankton in the sea water and in the mud 
are given in Table III, while the course of evolution of CO, is illustrated 
graphically in Figs. 1 and 2. The precipitous rise in the amount of CO, 
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Fic. 1. Accumulated evolution of CO, in the course of decomposition of 
zooplankton in sea water and in marine mud cultures. 
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Fic. 2. Daily evolution of CO, in the decomposition of zodplankton in sea 
water and in marine mud cultures. 


at the end of the decomposition period is due to the liberation by the final 
acid treatment of the CO, present in the medium as carbonate and bicar- 
bonate. » . 

The amount of CO, liberated from the plankton in the mud as a 
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medium is much greater than in the sea water, while the amount of 
nitrogen liberated as ammonia is practically the same in both media. 
Since one gram of the air-dry plankton contained 625 milligrams of 
organic matter (allowing for moisture and total ash), with about 300 
milligrams of total carbon, the liberation in the mud medium of 100 
milligrams of carbon as CO, within 19 days indicates a very rapid de- 
composition of the plankton. However, more than a half of the total 
nitrogen in the plankton has been liberated as ammonia in the same cul- 
ture and during the same period of decomposition; this points to two 
definite alternatives: 1. The various chemical constituents of the plankton 
are not all decomposed at the same rate. 2. More of the plankton is 
actually decomposed than one is able to measure by the CO, evolution, 
since considerable synthesis of bacterial cell substance takes place in the 
process of decomposition. The first suggestion is borne out by an ex- 
amination of the curves in Fig. 2. Although the rate of decomposition 
had come to a minimum in 11 days, in the case of the sea water medium, 


TABLE IV 


Decomposition of marine alge by bacteria in sea water and in marine mud * 


Ulva lactuca Fucus vesiculosus 
. NH3—N : NH3—N 
Medium used CO2 liberated Geel CO2 liberated liberated 
above above 
total control + total control + 

mgm. C mgm. C. mgm. N. mgm. C mgm. C. mgm. N. 

Waitersnrarian: 89.0 83.4 5.2 16.0 10.4 0.4 

Muda ne sea: 105.0 101.8 4.1 89.0 85.8 — 


* 1 gram of air-dry material used; 26 days incubation for Ulva and 28 days for 
Fucus. 


+ Water and mud controls were the same as in Table III. 


and in 13 days, in the case of the mud medium, further decomposition 
began to take place after that date. 

These results suggest the following possibility: some of the consti- 
tuents of the plankton, probably the proteins, are undergoing active de- 
composition during an early stage; this is later followed by the decom- 
position of other constituents of the plankton, probably the chitins and 
the fatty substances. The specific bacteria capable of attacking these 
two complexes are probably more active in the mud than in the water. 
Their decomposition of these substances which are low in nitrogen or are 
totally free from nitrogen will not only not result in any ammonia libera- 
tion but may actually result in ammonia consumption by bacteria for cell 
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synthesis. These two considerations may fully account for the greater 
decomposition of the plankton in the mud than in the water, as measured 
by the CO, evolution, not accompanied, however, by greater ammonia 


liberation. 
DECOMPOSITION OF MARINE ALG By BACTERIA 


The decomposition of the algal material by bacteria was carried out 
in a manner similar to that of the plankton. The period of decomposi- 
tion was 26 days for the Ulva and 28 days for the Fucus. One-gram 
quantities of the air-dry material of F. vesiculosus and U. lactuca were 
added to the flasks containing the water as a medium or the mud and 
water ; the cultures were aerated daily. 

The results presented in Table IV and Fig. 3 show that the Ulva 
was decomposed by the bacteria in the water and in the mud more 
actively than the Fucus. In the case of the Ulva there was very little 
difference in the rate of decomposition in the water or in the mud; the 


110 


100 WATER CULTURE + ULVA 9 —__ 1 
MUD CULTURE + ULVA =. —--—~~———— ! 
MUD CULTURE + FUCUS --------------- ; ‘ 
90 WATER CULTURE + FUCUS --—-—-—.—.—.—. | H 
MUD ALONE — o— o— 0 — 0 1 i 
WATER ALONE Seas Bs f 


MILLIGRAMS OF CARBON LIBERATED AS COp 


2 4 6 8 10 12 14 #16 18 2 2 2 26 2&8 
DAYS OF DECOMPOSITION 


Fic. 3. Course of evolution of CO, in the decomposition of marine algz in 
sea water and in marine mud. 


Fucus, however, showed a very marked difference, since a considerably 
greater amount of CO, was liberated in the mud than in the water cul- 
tures. About 4 to 5 milligrams of ammonia-nitrogen were accumulated 
in the decomposition of the Ulva, while there was no ammonia at all or 
only a mere trace in the Fucus cultures. The nitrogen content of the 
two alge offers the explanation for this difference. Ulva contained 2.56 
per cent nitrogen on a total dry, ash and salt-free basis ; Fucus, however, 
contained only 1.01 per cent nitrogen, on an ash and salt-free basis. 
6 
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The difference in the nitrogen content of the two materials has an 
important effect upon the rapidity and nature of their decomposition. It 
has been found (23) in the decomposition of plant residues in soils and 
in composts that if the material contains 1.7 per cent nitrogen, the latter 
is just sufficient for the active decomposition of the plant substance, 
without any nitrogen being liberated as ammonia and without any added 
nitrogen required by the microorganisms. When the plant material con- 
tains more than 1.7 per cent nitrogen, the excess will be liberated as am- 
monia. However, when the nitrogen content is less than 1.7 per cent, 
some inorganic or available form of nitrogen must be added to enable the 
bacteria and the fungi to decompose the plant material. ; 

The same law seems to hold true also for the decomposition of algal 
residues in the sea. There was more than enough nitrogen in the Ulva 
to bring about its rapid decomposition by the bacteria, as shown by the 
fact that out of 1 gram of the air-dry material, containing 590 milligrams 
of organic matter with about 265 milligrams carbon, there was liberated 


TABLE V 


Influence of addition of available nitrogen upon the decomposition of Fucus 
vesiculosus in sea water * 


CO: liberation 
Inorganic Inorganic Nemperc of 
Treatment dhe 8) nitrogen nitrogen = pee 
total added left disappeared culture 
nitrogen 
mem. C mem. C mgm. N. mgm. N 

2 grams Fucus alone....... 18.9 — 0 0 14,400,000 

2 grams Fucus + 50 mgm. 
INAIN@ seers ce cette 69.5 50.6 0 8.0 70,600,000 

2 grams Fucus + 300 mgm 
INN @ sts ieqee eee earn 54.7 35.8 0.5 47.5 31,000,000 

2 grams Fucus + 50 mgm. 
(NE) SSO es ese 47.2 28.3 4.6 5.9 28,600,000 


* 2-sram portions of air-dry Fucus in 150 cc. of water; decomposition, 28 days. 


nearly 100 milligrams carbon as CO, or about 40 per cent of the total, 
both in the water and in the mud cultures. The Fucus, however, con- 
taining 827 milligrams of organic matter and about 372 milligrams of 
carbon in 1 gram of the air-dry material, did not contain sufficient nitro- 
gen for its rapid decomposition by the bacteria. 

The greater decomposition of the Fucus in the mud than in the sea 
water may be due to two factors: 1. The organic matter in the mud 
undergoes some decomposition and the amount of nitrogen liberated in 
this process may be sufficient for the need of the bacteria, thus enabling 
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them to bring about considerably greater decomposition of the Fucus. 
2. There is also a possibility that the mud may have a greater abundance 
of specific bacteria capable of attacking certain specific carbohydrates in 
the Fucus, while the water may be lacking in such bacteria. 

In order to study further the factors that are concerned in the de- 
composition of the nitrogen-poor Fucus by marine bacteria, the influence 
of available nitrogen, both as ammonia and nitrate, has been determined. 
A series of cultures were prepared using sea water as the medium. All 
the cultures received 2-gram portions of air-dry, “ground material of 
Fucus vesiculosus. The course of decomposition was followed by 
measuring the evolution of CO,, in a manner similar to that outlined 
above. At the end of the incubation period (28 days), the residual 
nitrogen left as nitrate or as ammonia was determined. ‘The results 
of this experiment are given in Table V and in Fig. 4. 

When no available nitrogen was added to the medium, only a limited 
amount of Fucus underwent decomposition. The addition of a small 
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Fie. 4. Influence of available nitrogen upon the evolution of CO, in the de- 
composition of Fucus vesiculosus in sea water culture. 


amount of nitrogen, in the form of an inorganic salt, brought about con- 
siderably greater decomposition, the nitrate nitrogen having a more 
favorable effect than the ammonium salt. An excess of nitrate, how- 
ever, was less effective than a lower concentration. Where the lower 
amount of nitrate was added to the cultures, all the nitrogen was con- 
sumed by the bacteria bringing about the decomposition of the Fucus, 
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for the synthesis of bacterial cell substance. The cultures receiving an 
excess of nitrate showed a marked loss of the nitrate, through the 
process of denitrification. The fact that the nitrogen added to the cul- 
tures was required by the bacteria for the synthesis of cell substance can 
be further illustrated by the following considerations: in the decomposi- 
tion of the algal material, the ratio between the carbon liberated as CO, 
and the nitrogen consumed by the bacteria, for the cultures receiving 
ammonium salt as a source of nitrogen, was 47.2 :5.9==8 :1; the cor- 
responding ratio for the cultures receiving the lower nitrate concentra- 
tion was 8.7: 1. As will be shown later, these ratios are quite normal 
for the decomposition of carbohydrates by marine bacteria. There was 
no nitrate left in the cultures receiving the lower amount of nitrate, at 
the end of the decomposition period, and only a trace of nitrite was 
present; in the case of the higher nitrate concentration, only a small 
amount of nitrate was left at the end of the decomposition period, while 
a considerable amount of nitrite could be demonstrated in the medium. 

The above results point definitely to the conclusion that nitrogen in 
the form of ammonia and nitrate can be used by marine bacteria for 
synthetic purposes, in the process of decomposition of nitrogen-poor 
algal material. When a high nitrate concentration is present, the Fucus 
material may be used as a source of energy by denitrifying bacteria for 
the reduction of the nitrate. 

In order to determine what role the bacteria play in the decomposi- 
tion of the Fucus material, 1-cc. portions of the various cultures were 
plated out, at the end of the decomposition period, using glucose-peptone 
sea water agar. The plates were incubated and the bacterial colonies 
counted at the end of 4 days. The results (Table V) show that there 
is a direct parallelism between the development of the bacteria and the 
liberation of CO,, in the decomposition of Fucus material in sea water 
medium. 

The results of these experiments prove conclusively that the rate of 
decomposition of marine alge and the liberation of nitrogen as ammonia 
depend upon the chemical composition of the algal material. The more 
rapid decomposition of the Ulva than of the Fucus is due, aside from 
any difference in the chemical composition of the two, to the greater 
nitrogen content of the former. The more limited decomposition of the 
Fucus in the water cultures was due to a lack of available nitrogen, which 
prevented the development of the bacteria capable of decomposing the 
algal residues. 

On comparing the results of Tables IV and V, one notes that there 
was a greater decomposition of the Fucus in the mud than in the sea 
water, even with the addition of an available source of nitrogen. This 
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suggests the possibility that nitrogen is only one factor limiting the de- 
composition of marine algal material in the sea. Possibly the mud con- 
tained other elements which are also needed for bacterial growth and 
which were not present in sufficient amounts in the sea water. The 
greater decomposition of the Fucus material in the mud may also be due 
to the presence in the latter of specific bacteria, which are able to decom- 
pose certain organic constituents of the Fucus, while these bacteria are 
not present in the free water. 


IsOLATION OF CELLULOSE AND HEMICELLULOSE-DECOMPOSING BACTERIA 
FROM THE SEA 


In order to study further the mechanism of the decomposition of 
algal residues in the sea by bacteria, it was essential to isolate pure cul- 
tures of such bacteria and study their action upon certain purified algal 
constituents. The available information concerning the decomposition 
of specific constituents of marine plants by bacteria is largely limited to 
the agar-liquefying bacteria. Beginning with the work of Gran (4) in 
1902, there were isolated from the sea a number of organisms capable of 
liquefying and decomposing agar. In most cases, as in the original 
form described by Gran, the agar was merely softened and, since no 
sugar was demonstrated, it is doubtful whether actual decomposition of 
the agar took place. Other organisms, as the form isolated from the 
marine mud of the Bahama banks and studied by Waksman and Baven- 
damm (18), decomposed the agar actively, liberating a large part of the 
carbon as CO,; the bacteria, using the agar as a source of energy, were 
able to synthesize considerable cell substance. 

Little is known concerning the occurrence in the sea of organisms 
capable of decomposing cellulose. Issatchenko (quoted.in ref. 13) iso- 
lated from the mud of the salt lake Ssaky in Crimea two organisms, one 
of which decomposed cellulose without forming a pigment (Bact. cellu- 
lose album), while the other colored the paper yellow (Bact. cellulose 
flavum). Rubentschik (13) isolated from the salt limans in southern 
Russia an Actinomyces (A. melanogenes) capable of slow decomposition 
of paper. In 1929, Van der Lek (16) demonstrated the occurrence in 
the sea of Bact. agar-liquefaciens, which is capable of attacking cellulose 
and agar. 

The following investigations deal with the occurrence in the sea of 
bacteria capable of attacking the various chemical constituents of marine 
residues as well as with the mechanism of the decomposition processes. 
The carbohydrate constituents were at first selected, due to their pre- 
dominance in the algal residues. Three methods were employed for 
the isolation of the bacteria from sea water and from marine bottom 
material : 
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1. The Silica-gel Method —Silica gel plates prepared by a method 
described elsewhere (19) are placed in flowing tap water, so as to bring 
about the removal of the excess of chlorides by dialysis; the dishes are 
then transferred to boiled sea water and kept there for about 1 hour; 
the last step may be repeated, using another portion of freshly boiled 
sea water, to insure sterility. The dishes are carefully removed from 
the water, the excess water drained off, and the surface covered with a 
small amount of powdered CaCO, ; for the purpose of isolating cellulose- 
decomposing bacteria, ground filter paper is placed on the surface of the 
gel; for the isolation of agar-decomposing organisms, powdered agar is 
used. A sterile salt solution consisting of 4 grams NaNO, and 2 grams 
K,HPO, in 100 cc. of distilled water is then added to the surface of the 
medium, using l-cc. portions for the small plates (15 cm. diameter) or 
5-cc. portions for the large plates (25 cm. diameter). Plates so pre- 
pared were inoculated with fresh sea water, with marine bottom material 
or with pieces of algal growth. 

2. Enrichment Culture Method—tThis consists in placing 250-cc. 
portions of fresh sea water, 0.5 gram NaNO, and 0.1 gram K,HPO,, 
with or without 2-gram portions of CaCO,, into a series of 250-cc. Erlen- 
meyer flasks. One per cent of cellulose, in the form of ground filter 
paper, or 1 per cent of dry agar were used as sources of carbohydrate. 

3. The Nutrient Agar Plate—This is made up to contain 1 gram of 
glucose, 1 gram peptone, 0.5 gram K,HPO, and 15 grams agar in 
1000 cc. of sea water. Marine mud, plankton tow, or fresh sea water 
are plated out on this medium, using various dilutions. 

The cellulose-decomposing bacteria can be demonstrated most readily 
by the silica-gel plate method, while the agar-liquefying bacteria are best 
studied by the nutrient-agar plate method. In the case of the sea water, 
where only few bacteria are present, the enrichment culture may have 
to be used first, in order to demonstrate the presence of the specific 
organisms in the water. ‘The cellulose bacteria developing on the silica 
gel plates are transferred to test tubes containing 5-cc. portions of sterile 
liquid medium (2 grams NaNO,, 0.5 gram K,HPO,, 12 grams CaCO, 
in 1000 cc. sea water), with a strip of paper partly immersed in the 
liquid and partly above it. The agar-liquefying bacteria can be readily 
obtained in pure culture by the use of the agar plate; the colonies are 
picked and transferred to agar slants, and, if necessary, the process may 
be repeated using various dilutions of the culture. In the case of the 
cellulose bacteria, however, one must have recourse to the use of very 
high dilutions and repeated transfers in order to obtain pure cultures; 
this is true, of course, of the highly specific bacteria, which use cellulose 
as the only source of energy. When an organism is able to attack both 
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cellulose and agar, its purification does not represent any particular 
difficulties. 

The presence in sea water and in the sea bottom of bacteria capable 
of attacking cellulose could easily be established. These organisms were 
found to be particularly abundant in the plankton tow. Attention has 
already been called (20) to the fact that a definite parallelism was found 
to exist between the numbers of bacteria and diatoms in the sea water 
and in the plankton; the suggestion has been made that bacteria live in 
the free water only to a very limited extent, but their life and activities 
in the sea are closely associated with the development of the plankton 
organisms, in addition, of course, to the bacteria inhabiting the sea bot- 
tom. 

A sample of diatom tow obtained from George’s Bank (Station 1335) 
(20) gave an abundant growth of cellulose-decomposing bacteria. 
Similar results were obtained when the water and bottom mud from 
several stations in the Gulf of Maine and George’s Bank were used for 
the inoculation of silica gel plates. It was thus possible to demonstrate 
the presence in the sea of a number of cellulose-decomposing bacteria, 
which represent a variety of types, as determined by their morphological, 
cultural, and biochemical characteristics. 

Morphologically, the marine cellulose-decomposing bacteria were 
found to comprise short rods, spiral-forming organisms, vibrios, and un- 
dulating elongated rods with tapering ends, characteristic of the Cyto- 
phaga group. One is able to demonstrate without any difficulty the 
presence in the sea of the three groups of cellulose-decomposing bacteria 
which have been classified by Winogradsky (24), namely, Cytophaga 
(elongated, flexuous rods), Cellvibrio (bent rods with rounded ends), 
and Cellfalcicula (spindle and sickle-shaped). In crude culture, the cel- 
lulose-decomposing bacteria were invariably accompanied by numerous 
protozoa, including flagellates, ciliates and amcebe, which feed upon the 
bacteria. All the bacteria were actively motile. 

The marine cellulose-decomposing bacteria produce in culture a 
variety of pigments, namely, pink, orange, yellow, brownish-yellow, or 
no pigment at all. Most of them are aérobic. Some anaerobic forms 
were also demonstrated, which were found capable of producing gas 
actively with cellulose as the only source of energy. These organisms 
were not isolated, however, in pure culture and were only insufficiently 
studied. As to the utilization of carbohydrates, some of the cellulose- 
decomposing bacteria were found to be highly specific, being unable to 
use any other source of energy, except cellulose. Some attacked not 
only cellulose but also agar and other hemicelluloses, as will be shown 
later. Some were able to utilize a variety of sugars. 
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Agar-liquefying bacteria are even more commonly found in the sea; 
they are especially abundant in the diatom tow and on marine alge and 
their residues, where they seem to find the necessary nutrients for their 
development. It was pointed out elsewhere that 1 cc. of diatom tow 
was found to contain 2,100 to 2,500 cells of bacteria capable of liquefying 
agar; they made up 5.7 to 6.7 per cent of the total number of colonies 
developing on the plate. 

A number of bacteria were isolated, either directly from the plate or 
after preliminary enrichment culture with cellulose or agar in sea water. 
Crude cultures of cellulose-decomposing bacteria on the silica gel plate 
or in enrichment cultures of cellulose in sea water invariably yielded 
agar-liquefying bacteria. In some cases, these bacteria could decompose 
both cellulose and agar, while in other cases the agar-liquefying organ- 
isms merely accompanied the cellulose-decomposing forms. The bac- 
teria thus isolated were found to belong to several groups varying con- 
siderably in their physiological characteristics. No attempt will be made 
to describe and classify these organisms. Three cultures were selected 
for a more detailed study of the decomposition of carbohydrates; the 
cultural and morphological characteristics of only these cultures are 
presented here. 

Culture No. 2 (b) was isolated from the silica gel plate containing 
cellulose as the only source of energy and NaNO, as a source of nitrogen. 
In crude culture it attacked both cellulose and agar and produced gas as 
a result of the decomposition of the agar. When freshly isolated, it 
produced lilac colored to pinkish-brown colonies, on the surface of the 
agar. 

Culture No. 3 was also isolated from the same plate as No. 2 (b). It 
was found to form, however, two types of colonies, one pinkish in color 
and one colorless. The pinkish culture was later found to be the same 
as No. 2 (b), and was designated as 2 (a); it also decomposed both 
cellulose and agar. The second culture could not utilize cellulose, but 
acted upon agar alone and was designated as No. 3. 

Culture No. 15 formed a yellowish to dirty-brown color upon agar 
and in liquid culture. It did not attack cellulose, but could utilize agar 
as the exclusive source of energy. 

The agar used for these studies was the Bacto-Difco agar. For later 
studies, specially washed agar was prepared in quantity by the Digestive 
Ferments Co. 

A brief description of these three agar-liquefying bacteria is given 
here. 

Bacterium sp. No. 2. Forms long, slender rods; often filamentous 
and curved in young cultures. A few motile rods are present. Oc- 
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casionally there appear in these cultures a few extremely motile indi- 
viduals, small in size, which seem to be identical with some of those 
found in Cultures 3 and 15. The organism reduces nitrate, decomposes 
cellulose, and does not liquefy gelatin. 

Bacterium sp. No. 3. Forms very short rods, often coccus-like, with 
an equal proportion of slightly longer, slender rods scattered throughout 
the field. A few rods of the same length but much thicker appear with 
polar bodies. A few actively motile rods, often granular, sometimes 
having the appearance of two very short rods joined together, are also 
found. ‘The latter appear more frequently among the non-motile forms. 
This organism liquefies gelatin, does not decompose cellulose, and does 
not reduce nitrate. 

Bacterium sp. No. 15. Microscopically similar to No. 3, except that 
it contains more motile individuals and fewer coccus-like forms. Cul- 
tural characteristics are the same as those of No. 3. 


DECOMPOSITION OF VARIOUS CARBOHYDRATES BY CELLULOSE-DECOM- 
POSING AND AGAR-LIQUEFYING BACTERIA 


When agar or other constituents of marine alge are decomposed by 
agar-liquefying bacteria, the carbohydrates are used by the bacteria 
chiefly as sources of energy, as well as for synthesis of bacterial cell 
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Decomposition of agar by three marine bacteria. Milligrams of dry material. 


a8 A Bae of 
A 2 gar | a NO;—N|_ ,fatbon 
Culture Agar | decom-| evolved | left, | ye: |NOs-N|" con | liberated 
posed | carbon | sugart | 2&4 sumed | ‘nitrogen 
consumed 
Control see ee sce aoe 498| 0 0 245) 0) 26:4 — 
Bacterium sp. No. 2....| 167 | 331 | 91.6 82 | 163] 14.0 | 12.4 7.4 
Bacterium sp. No.3..... 144 | 354 | 74.7 TASMAN AS 2 OP Sed Sail 
Bacterium sp. No. 15....| 384 | 114 | 49.4 | 187 | 58] 18.8 7.6 6.5 


* The total carbon content of the culture was determined and calculated as 
agar, allowing 44 per cent carbon in the dry, ash-free agar. 

+ Residual culture was hydrolyzed by boiling for 1 hour with 2 per cent HCl; 
the sugar formed on hydrolysis was used as measure of residual agar. 


“substance. Due to the fact that agar and the other algal carbohydrates 
usually contain very little nitrogen, an additional source of available 
nitrogen, either in organic or in inorganic forms, has to be added to the 
cultures. This nitrogen is consumed by the bacteria and is transformed 
into organic nitrogenous compounds which are the constituents of the 
bacterial cell substance. This is clearly brought out in Table VI, where 
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the results of the decomposition of agar and consumption of nitrogen by 
the three bacteria described above are presented. One hundred-cc. por- 
tions of sterile sea water medium containing 0.6 gram air-dry agar and 
0.2 gram NaNO, were inoculated with the bacteria and the cultures in- 
cubated for 30 days; the CO, liberated in the process of agar decomposi- 
tion was determined by passing CO,-free air over the cultures and ab- 
sorbing the CO, in standard Ba(OH), solution. The actual amount of 


TaBLe VII 


Influence of nitrogen source and agar concentration upon the decomposition of agar 
by marine bacteria 


Agar left, as sugar in Agar consumed, as 
hydrolyzed residue hydrolyzed sugar 
Concentration 
of agar in Nitrogen source 
medium Con- | _ Bac: Bac- Bac- Bac- Bac- Bac- 
trol terium | terium | terium | terium | terium |} terlum 
2 (a) 2 (b) 3 2 (a) 2 (b) 3 
per cent 
0.5 (NH4,)2H PO, 147 0 0 147 147 147 0 
0.5 (NH4,)2SO4 147 | 127 142 147 20 5 0 
1.0 NaNO; 265 | 127 81 265 138 184 0 
0.5 NaNO; 136 0 0 42 136 136 94 
Ateapicis, WILE 


Utilization of mono- and di-saccharides by agar-liquefying bacteria. NaNO;as source of 
nitrogen, and 1 per cent carbohydrate. 


Nature of sugar Glucose Galactose 
‘ Con- | , Ba&- Bac- Bac- | Con_ | _ Bac- Bac- Bac- 
Organism trol terium | terium | terlum | ;,,) | terium terium | terium 
2(a) 2(b) 3 2(a) 2(b) 3 


Residual sugar.......... 430} 439 392 68 | 395) 386 401 68 
Sugar consumed.....°° ..|. — 0 38 | 362 — 0 0 327 
INOB==IN Ite oe 55656 a5 6- 15.3] 15.5 | 15.7 6.5 | 15.8) 15.5 16.2 | 10.2 
NO;:—N consumed......}| — 0 0 8.8 — 0 0 5.6 
Nature of sugar Mannose Sucrose * 
Bac- Bac- Bac- Bac- Bac- Bac- 
Organism con: esas Aaa fsa con nan sean tena 
ne 2(a) 2(b) 3 19 2(a) 2(b) 
Residual sugar.......... 411] 417 A417 53 | 452) 410 424 | 214 
Sugar consumed ........| — 0 0 | 358 | — 42 28 | 238 
NO3—N left............] 15.3] 14.8 | 11.6 9.3 | 14.8] 15.3 | 11.6 9.3 
NO:—N consumed......| — 0.6 3.8 |. 6.1 — 0 3.2 5.5 


* Measured as invert sugar. 
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agar decomposed by the bacteria is greater than can be calculated from 
the residual carbon in the medium, since the latter includes not only the 
residual agar, but also certain cecom poston products and the bacterial 
cell substance synthesized. 

The nature of the nitrogen in the medium is of considerable influence 
in the amount of agar decomposed by different organisms, as shown in 
Table VII. One hundred-milligram portions of the nitrogen source 
were used in all the cultures. Both nitrate and ammonium salts can be 
utilized by the agar-liquefying bacteria as sources of nitrogen. How- 
ever, in the case of the ammonium salt, the nature of the acid radical is 
of importance: the phosphate is as readily available to the bacteria as the 
nitrate; the sulfate was either not used at all or only to a very limited 
extent. The concentration of the agar in the medium is significant, 
since, in the case of one organism at least (Bacterium No. 3), agar was 
actively attacked when present in 0.5 per cent concentration but not in 
iS pen cent: 

The ability of agar-decomposing bacteria to utilize various lower and 
higher carbohydrates is brought out in Tables VIII and IX. Only one 
of the three cultures of bacteria used in this study could assimilate all the 
three monosaccharides tested, namely Bacterium No. 3; this form does 
not attack cellulose and is a rather weak hemicellulose-decomposing form, 
as shown in Tables VII and IX. All the three organisms could utilize 
sucrose, the most active form being the one that could use all three mono- 
saccharides. The two strains of the active cellulose and agar-decom- 
posing bacterium (Bacterium No. 2) did not attack galactose or mannose. 

As to their ability to decompose polysaccharides, the different organ- 
isms were again found to differ markedly from one another. The two 
strains of No. 2, the most active agar-decomposing organism, also de- 
composed cellulose actively, as well as starch and mannan; however, only 
one of the two strains (20) could utilize galactan and inulin. The weak 
agar-liquefying organism (No. 3), which could attack monosaccharides 
readily, was also able to decompose most actively starch, mannan, and 
galactan. 

The three agar-liquefying bacteria were thus found to show a very 
distinct specificity as regards their ability to decompose and utilize 
various carbohydrates. Culture No. 2 (a) attacked readily cellulose 
and agar, as well as starch and mannan, and sucrose only to a limited 
extent; it did not use glucose, galactose, and mannose, nor inulin and 
galactan. The other strains of this organism (No. 2b) decomposed 
agar and cellulose most actively, as well as inulin, starch, mannan, galac- 
tan, and were also able to make some use of glucose and sucrose. Culture 
No. 3 could not decompose cellulose; it acted upon agar only to a very 
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limited extent and under certain conditions ; it was able to use, however, 
monosaccharides and disaccharides readily, as well as starch, mannan, 
galactan, and inulin. These three organisms represent only a few of a 


TasLe IX 


Decomposition of polysaccharides by agar-liquefying bacteria. NaNo; as 
source of nitrogen. 


Carbohydrate Agar Inulin * Starch 


Organism Con- | Bact.} Bact.| Bact.| Con- | Bact.| Bact.] Bact.] Con- | Bact.| Bact.) Bact. 
trol | 2(a) | 2(b) 3 trol | 2(a) | 2(b) 3 trol | 2(a) | 2(b) 3 


Reducing sugar in 

medium, mgm...| O| O Op Wy Oy Oy re 0 0 Ono2 0 
Hydrolyzed carbo- 

hydrate, mgm. 


SUA ine es eae 265 |127| 81 | 265 | 205 | 204) 82|189]476] 63 | 354 0 
Carbohydrate con- 

sumed, as sugar, 

TESUONS. Come OEe — | 138 | 184 0; — 0/123] 16] — | 413 | 122 | 476 
NO;—N left, mgm .|15.3 |10.7 | 9.3 |11.8 | — |14.8 |10.2 |14.3 |15.8 | 4.9 |11.1 7.8 
NO;—N consumed 

MENTE ein tre ee A6: |) 6.03325) OLS ata 10) |) LOLON AS aeseO 

Carbohydrate Mannan Galactan Cellulose ¢ 


Con-| Bact.| Bact.| Bact.} Con- | Bact.| Bact.| Bact.] Con- | Bact.] Bact.| Bact. 
3 


CERES trol | 2(a) | 2(b) | 3 | trol | 2(@) | 2(b)| 3. | trol | 2() | 2b) 

Reducing sugar in 

medium, mgm...| O| Of| 23 0 0 0| 0.5 0 | 488 | 335 | 300 | 495 
Hydrolyzed carbo- 

hydrate, mgm. 

Sea wee seks 367| 14] 38 0 | 174 | 182 | 131 | 114 | 459 | 270 | 247 | 455 
Carbohydrate con- 

sumed, as mgm. 

SIUKSFEN ele epaas Sen — | 353 | 329 | 367 | — 0} 43] 60} — |} 155 | 190 0 
NO3—N left, mgm.) — | 6.9| 7.4] 9.3 | — |14.1 | 9.3 ]10.2 

NO;3—N consumed, 

MEM... veceess — | 84] 7.9] 6.0}; — | 1.2} 6.0} 5.1 


* 0.5 per cent used. 

+In this culture practically all the mannan has disappeared, with no reducing 
sugar left in medium; the duplicate, however, had 255 mgm. reducing sugar left. 

+ These figures do not represent reducing sugar, but residual cellulose. 


large number of bacteria present in the sea and capable of attacking 
various complex and simple carbohydrates. 
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SUMMARY 


1. A study has been made of the proximate chemical composition of 
zooplankton and of certain marine alge, of their decomposition by 
marine bacteria, and of some of the bacteria capable of attacking certain 
carbohydrate constituents of marine plant life. : 

2. The zooplankton was readily decomposed by bacteria in sea water 
and in marine mud media, with the result that more than a half of the 
total nitrogen present in the plankton was liberated as ammonia. Al- 
though the ammonia produced in the water and in the mud cultures was 
practically the same, a much greater amount of CO, was liberated as a 
result of the decomposition of the plankton in the mud than in the water 
medium. 

3. It is suggested that the protein constituents of the zooplankton 
decompose alike in the water and in the mud cultures; however, other 
chemical constituents of the plankton, free from nitrogen, such as certain 
fats, or low in nitrogen, such as the chitins, seem to undergo more rapid 
decomposition in the mud than in the water. 

4. In the decomposition of algal material by marine bacteria, the 
chemical composition of the alge is of prime importance. In the case of 
Ulva lactuca, a green alga containing about 2 per cent nitrogen on a dry, 
salt-free basis, active decomposition took place both in the sea water and 
in the marine mud cultures. In the case of the brown alga Fucus 
vesiculosus, however, containing less than 1 per cent total nitrogen, very 
little decomposition took place in the sea water medium, but the material 
decomposed very actively in the mud medium. 

5. The addition of inorganic sources of nitrogen to the Fucus ma- 
terial in the sea water cultures resulted in a much more active decom- 
position, due to the fact that this nitrogen was required by the bacteria 
decomposing the Fucus constituents for the synthesis of their cell sub- 
stance. The presence of Fucus material in sea water may, therefore, 
result in a minimum amount of available nitrogen. A definite paral- 
lelism was found between the development of the bacteria in the culture 
and the amount of decomposition of the Fucus material, as measured by 
CO, evolution. 

6. Nitrate and ammonium salt were used readily as sources of 
nitrogen in the decomposition of the Fucus material by bacteria. The 
addition of an excess of nitrate to the culture proved to be injurious. 
This excess nitrate was rapidly destroyed by denitrifying bacteria. 

7. The sea is found to harbor an extensive population of bacteria 
capable of utilizing cellulose and hemicelluloses. These bacteria repre- 
sent a number of distinct types, varying considerably in their mor- 
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phological and physiological properties. Some of the bacteria were 
found capable of attacking both cellulose and agar, while others decom- 
posed either cellulose alone or agar alone. Some of these bacteria are 
also able to decompose a number of other polysaccharides, as well as 
various mono- and disaccharides. 
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ON THE PLACENTATION OF THE HARBOR PORPOISE 
(PHOCHENA PHOCGENA (LINNZUS)) 


GEORGE B. WISLOCKI 


DEPARTMENT OF ANATOMY, Harvarp MEDICAL SCHOOL 
FOREWORD 


The harbor porpoise is one of the smallest members of the order of 
the Cetacea. Hence its placentation is easier to study than in the larger 
whales where preservation and dissection are often rendered difficult by 
the bulk of the tissues. I had the opportunity of obtaining the gravid 
uterus of a harbor porpoise (Phocena phocena (Linneus) ) through the 
generosity of Mr. Harry Raven and Dr. Remington Kellogg. Because 
of compactness of size and the fact that it is in a rather good state of 
preservation, this uterus has afforded an excellent opportunity to study 
placentation in one of the Cetacea. 

As far as I have been able to ascertain, the literature on this subject 
is not extensive and most of it is relatively old. On reviewing the litera- 
ture and examining my own specimen, I was impressed by a number of 
points of interest which I consider to be new and sufficiently important 
to be set forth. In the description of the present specimen I shall not 
give a detailed account of what has already been observed, but will con- 
fine myself as much as possible to what is new. I am presenting a 
number of drawings and photographs of the specimen which give, I 
believe, a clearer presentation of the structure and relationships of the 
uterus and fetal membranes than the majority of the figures in the 
literature. Because of the difficulty involved in obtaining adequately 
fixed material, the microscopic structure of the placenta has never here- 
tofore been very clearly demonstrated. 

The literature which I have had an opportunity to consult consists of 
the three papers by Turner (1870, 1871, 1875) on the placentation of 
Balenoptera Sibbaldu, Orca gladiator, and Monodon monoceros; one 
by Chabry and Boulart (1883) on the placentation of Delphinus delphis; 
a short account by Gervais (1883) of a gravid uterus of Pontoporia 
Blainvillet; an excellent paper by Klaatsch (1886) on the placentation 
of Phocena communis; and the work of Guldberg and Nansen (1894) 
on the development and structure of whales. I have not had an op- 
portunity to consult the paper of Anderson (1878) on Platanista and 
Orcella. A good account of his observations is given in Klaatsch’s 
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paper. For the still older literature I have had recourse to the con- 
tributions of Turner. In regard to the non-gravid female reproductive 
tract of whales, I am familiar with the paper of Beauregard and Boulart 
(1882), as well as the excellent studies by Daudt (1898), Hein (1914), 
and Meek (1918). 

THe Ferat MEMBRANES 


The fetus in the present specimen appears to be near term, judging 
from the development of its external form. It measures 92 cm. in 
length from tip of snout to tip of tail over the curvature of the back; 
42 cm. from tip of snout to anus along the abdomen. 

The general relationships of the amnion, allantois, chorion, and 
uterus to one another are shown in Plate I. As in all hitherto described 
specimens of whales, the fetus lies in the left uterine cornu. Its head 
is directed towards the distal end of the cornu while its tail is folded 
around to the right side of the body. A reversed position of the fetus 
im utero has often been observed. As is invariably mentioned, the fetal 
membranes extend into the right uterine cornu. In my specimen the 
left ovary is much larger than the right one and contains a large corpus 
luteum. Both Daudt and Klaatsch found the corpus luteum in the left 
ovary of gravid specimens of Phocena. Moreover, in several non- 
gravid Phocene Daudt noted that the left ovary was somewhat larger 
than the right. To these observations it may be added that in a non- 
gravid specimen of the nearly related Tursiops truncatus I have noticed 
the left ovary to be larger than the right. On the contrary, Turner 
found a corpus luteum in the right ovary in one instance in Orca. It 
appears from these data that the left ovary of whales is the larger and is 
the usual site of ovulation. Moreover, nidation of the ovum is in- 
variably such that the fetus occupies the left uterine cornu. The left- 
sided predominance of the ovarian tissue is in keeping with observations 
made on birds and some other mammals (Riddle). Hein has described 
characteristic differences in Monodon in the folds of the mucosa of the 
two horns in the non-gravid uterus. 

As is always described, the allantoic sac, although extensive, is not 
so large as the amniotic sac. The amniotic sac does not in my specimen 
extend into the right cornu, this horn being preémpted solely by the 
allantois. In the much younger specimen of Phocena described by 
Klaatsch, amnion, as well as allantois, extends into the right cornu. 

The chorion is a sac completely filling the uterus so that it is bilobed. 
Interesting is its degree of adherence to the uterus in various areas. In 
the left cornu the chorion strips away easily from the uterine mucosa. 
In the right cornu and, roughly speaking, in the entire area of contact of 
allantois and chorion it does not strip easily but clings tenaciously to the 
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uterine mucosa. Conversely, its easy separation from the uterus cor- 
responds roughly to the area of contact of amnion and chorion. The 
arrows on the periphery of the uterus in Plate I indicate the zone of 
transition between adherent and non-adherent chorion. Moreover, the 
relationship of amnion and allantois to the degree of adherence of the 
chorion to the endometrium can be correlated approximately with the 
distribution of the allantoic vessels (Plate Il). The allantois is a 
bilobed bag, half of it applied to the chorion on the mesial surface of the 
left uterine horn, the other lobe extending into and completely filling the 
right uterine cornu. The short umbilical cord reaches the chorion on the 
ventral border of the allantois in the left uterine cornu. ‘There are four 
umbilical vessels—two arteries and two veins. One artery and a vein 
leave the cord to follow the line of chorioallantoic fusion towards the 
pole of the left uterine cornu, while the other artery and vein turn in the 
opposite direction to follow the zone of chorioallantoic fusion of the 
opposite lobe of the allantois. The latter artery and vein are somewhat 


DESCRIPTION OF PLATES 
List of Abbreviations 


Aa. umb. Arteriae umbilicales 
All. Allantois 

Am. Amnion 

Cav. all. Cavum allantoidis 


Cav. am. Cavum amnii 

Ch. Chorion 

Clit. Clitoris 

D. all. Ductus allantoideus 


Excav. ves. ut. 


Orif. ureth. ext. 


Excavatio vesico-uterina 
Orificium urethrae externum 


Ov. sin. Ovarium sinistrum 

Ram. vasa all. Rami vasorum allantoideorum 
Rima pud. Rima, pudendi 

Tuba ut. Tuba uterina 

Ureth. Urethra 

Ut. Uterus 

Vag. Vagina 

Ves. ur. Vesica urinaria 

Vv. umb. Venae umbilicales 


PLATE I 


Semi-diagrammatic drawing of the gravid uterus of Phocena phocena. The 
fetus lies in the left uterine cornu; the fetal membranes occupy both horns. The 
relative size and arrangement of amnion and allantois can be seen. The allanto-. 
chorion is very much thicker than the amniochorion. Three rectangles, marked 
a, b, c, indicate the sites from which blocks of tissue were taken for sectioning. 
The microscopic appearance of the sections from these localities is shown in Plate 
IV. The two arrows on the circumference of the uterus at the two poles of the 
left cornu indicate the transition zone from the relatively thick chorion adherent 
to the endometrium (allantochorion) to the thin chorion which is readily separable 
from the endometrium (amniochorion). 1/7. 
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larger than the preceding ones. These primary trunks give off nu- 
merous branches of succeeding orders which supply the chorion. Now 
it will be seen that the richest blood supply is destined for the area of 


Piate II 


Semi-diagrammatic drawing of the allantoic sac to show its shape and the 
relationship of the umbilical blood-vessels to it. The major distribution of vessels 
is to the walls of the allantochorion and the neighboring zone of amniochorion. 
The umbilical vessels are four in number, the two smaller ones running along the 
inferior medial border of the allantois, the two larger ones coursing upward 
beneath the allantois to become distributed almost solely to the allantochorion of the 
right side (left of the figure). The body or left lobe of the allantois (right of 
the figure) has a free surface facing the observer which is not in contact with the 
chorion. This surface is avascular excepting a few minute vascular branches 
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fusion of allantois and chorion, whereas a lesser number of vessels 
proceed to the area of contact of chorion and amnion. The further one 
gets away from the allantois the less numerous the vessels become, and 
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that large area of easily separable contact of amnio-chorion and endo- 
metrium in the left cornu, where the uterus is greatly distended, is rela- 
tively avascular. 

The intimacy of apposition of chorion to the uterine mucosa is found 
to correspond rather accurately to the blood supply: where the largest 
vessels run and the richest blood supply appears to exist the chorion is 
most intimately attached. 

The degree of apposition of chorion to uterine mucosa is, moreover, 
very definitely related to morphological differences in structure of 
chorion and mucosa. In the relatively avascular area where the mem- 
branes strip easily the chorion is found to consist of a thin membrane 
which when held to the light is transparent (Plate IV, Fig. 3). Its 
uterine surface is almost smooth, but on closer examination is found to 
be covered, nevertheless, by minute villi giving it the texture of thin, 
rough cloth. The uterine mucosa in this area is correspondingly thin 
and smooth (Plate IV, Fig. 4). In a typical area*of intimate connec- 
tion of chorion to uterine mucosa, conditions are, on the contrary, quite 
different (Plate IV, Fig. 1). Traction on the chorion in such an area 
succeeds not in separating chorion from mucosa, but in either pulling 
away uterine mucosa from muscularis or the separation of chorionic 
mesoderm from chorionic villi. Thus in this area chorion and mucosa 
are rather firmly interlocked. The nature of this interlocking becomes 
apparent on more careful examination. It can be ascertained that the 
chorion is covered by branching villi which are placed at brief intervals. 
These structures fit into small pits with which the mucosa is studded. 
Separating the chorion from the mucosa is much like attempting to pull 
the roots of a bush out of the ground. The layer of interdigitated 
mucosa and chorionic villi is spongy and exceedingly thick compared 
with the thin chorion and mucosa in the areas of easy separation. 

The area of interlocking chorionic villi and uterine mucosa passes by 
transition to the area where the chorionic villi become shorter and struc- 
turally simplified and separation is more easily accomplished (Plate IV, 
ic. 2). 

This discussion brings up the question of the bare areas or spots of 
which there is a variety described in various whales by previous writers 
(Turner, Anderson, Gervais, Klaatsch). Non-villous, membranous 
areas are described as existing singly or in combination in one or other 
species of whales in the region of the internal os or at one or both poles 
of the chorion. In the present specimen there is a bare area only in so 
far as that general area may be called bare which possesses few and 
short villi and is relatively avascular. My interpretation of the possible 
relationship of this area to the blood supply has been outlined above. 
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A bare area at the internal os is lacking in my specimen, although in this 
region the chorionic villi can be separated relatively easily from the 
mucosa. From the concept introduced above of the relationship of 
blood-supply to a relatively villous portion of the chorion, the bare areas 
described by previous writers in various species should be investigated 
again on further material. The difficulty of studying the fetal mem- 
branes in larger whales has perhaps obscured the relationships of the 
chorion to its blood-supply which seem rather apparent here. It should 
be pointed out also that upon traction artefacts giving the semblance of 
bare areas may be caused due to the tendency of the chorion, where 


Pirate III 
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Drawing of the medial sagittal surface of the lower genital tract. The ques- 
tion of the homologies of the different segments with those of other mammals is 
of importance. The letters a and b indicate the structures which might be inter- 
preted as the lips of the external os. In the text reasons are given for considering 
b as the cervical outlet, and the tract between a and b as a modified and specialized 
cervical region. X 1/5. 


intimately interlocked with the mucosa, to cleave at the junction of 
chorionic villi and chorionic mesoderm or between the mucosa and mus- 
cularis. The presence of bare spots at the poles of the chorion in several 
of Turner’s specimens led him to point out the similarity of this con- 
dition to the type of placenta referred to as gonary, as seen typically in 
carnivores. In the porpoise, however, there is no such resemblance upon 
which to base a relationship. 

Thus, although the placenta of the porpoise is distinctly a diffuse one, 
there are morphologically two different areas—one, an area of intimate 
association of chorionic villi and mucosa which is richly vascularized ; 
the other, an area in which the apposition of chorion to mucosa is less 
intimate and which is much less vascular. These areas merge imper- 
ceptibly into one another. ‘ 
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Microscopic OBSERVATIONS 


The microscopic study of the mode of chorionic apposition is of con- 
siderable interest. The older writers had no means of determining the 
minute structure of the chorion, while the more modern investigators 
were dealing more often with poorly fixed material from larger whales 
in which the epithelium was largely destroyed by post-mortem changes, 
or were describing the gross relationships only. Thus in the descrip- 
tions and figures of Turner, Klaatsch, and Guldberg and Nansen one is 
left with considerable doubt as to the finer structure of the chorion and 
uterine mucosa. In the present specimen the tissues have been suf- 
ficiently well fixed to give a fairly adequate picture of the histology. 

It was pointed out above that the chorion could be divided roughly 
into two areas, one of intimate attachment of the chorion to the endo- 
metrium, one of extremely loose attachment. It was stated that the 
area of intimate fusion coincided approximately with the area of the 
allantochorion; that of less intimate association roughly with the extent 
of the amniochorion. This separation into two areas is amply borne out 
by microscopic examination of sections taken from the two regions. 
Figure 1 is taken from the region of intimate interdigitation of chorion 
and allantois and shows the broad zone of interpenetration of the spongy 
endometrium and the villous chorion. Separation of the two membranes 
is possible only by tearing. In Plate I the place where this section was 
taken is shown by a rectangle marked a. In contrast, Figs. 3 and 4 of 
Plate ITV show the chorion and endometrium in the other region where 
contact of chorion and endometrium is slight. The site from which the 
sections were taken is indicated in Plate I by a rectangle marked b. It 
will be seen in the figures that the chorionic villi are entirely absent or 
‘stunted in this region and that the endometrium is insignificant in its 
proportions. Continuing the comparison of these sections with the 
previous one, it will be observed that the uterine glands are extremely 
attenuated in contrast to their profusion in the former region. Finally, 
Fig. 2, Plate IV, shows an intermediate or transitional area between the 
two regions (rectangle c, Plate 1). Here the interdigitation and pro- 
liferation of chorion ‘and endometrium are less marked than in Fig. 1 
taken from the zone of maximum growth. 

The main question of interest, however, that can be answered by 
examination of the present sections is whether the porpoise’s diffuse 
placenta is wholly an epitheliochorial one or is in part a syndesmochorial 
one. Examination of the present sections indicates that the former is 
true—that both chorion and uterine mucosa retain everywhere their 
epithelial covering (Figs. 5 and 6). It can be seen in the area of maxi- 
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mum proliferation of the chorion that both uterine and chorionic epi- 
thelium (Fig. 6) are separate and intact layers. The former is com- 
posed of flattened, endothelium-like cells with sharply defined boundaries. 
The chorionic epithelium, on the other hand, is made up of less regularly 
arranged cells with rather indistinct boundaries suggesting that the epi- 
thelium may be in part or wholly syncytial (Fig. 6). 

The tufted chorionic villi are applied loosely to the mucosa, excepting 
at their distal ends which are free, resulting in a considerable separation 
between the endometrium and the tips of the chorionic villi (Fig. 5). 
These spaces do not appear to be artefacts, due entirely to shrinkage in 
fixation. Instead, they have the appearance of being naturally existing 
spaces filled with embryotrophic material derived from the uterine epi- 
thelium or from the abundant uterine glands. The secretion occupying 
these spaces appears to be formed of amorphous granules. Moreover, 
the uterine epithelium in this fundic region of the endometrial crypts is 
more cuboidal in shape than that of the remainder of the crypts where 
endometrium and chorion are in closer approximation. ‘The secretion 
which accumulates in these pockets at the tips of the villi is derived 
presumably in part from the actively secreting uterine glands. The 
cells constituting the uterine glands appear to be large and swollen as 
though they were actively secreting. As is well known from the studies 
of Turner and Klaatsch, several of these uterine glands unite to empty 
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Fics. 1 to 4 show typical sections through the uterus and placental mem- 
branes from the regions designated a, b, and c in Plate I. Note that in Fig. 1 
(area a, Plate I) endometrium and allantochorion are intimately united to con- 
stitute a broad placental zone, while in Figs. 3 and 4, which are from the amnio- 
chorion and uterine wall respectively of area b, Plate I, the chorion and endo- 
metrium are simple in structure and consequently are not intimately united. Figure 
2 shows an area (c, Plate 1) of transition midway between areas a and b. A tend- 
ency for separation of chorion and endometrium to occur is apparent. Note that 
the zone of endometrial glands undergoes a similar simplification from the villous to 
the non-villous placental area. Figures 1 to 4 are all taken at the same magnifica- 
tion. x 8. 

Fic. 5. Higher magnification of a part of Fig. 1. The basal part of the 
placenta is shown, illustrating the tips of the fetal villi ending free in the endo- 
metrial crypts. In the spaces between the tips of the villi and the basal endo- 
metrium there is a profuse secretion of uterine milk. The endometrium is composed 
of a single unbroken layer of cells, cuboidal in the basal region, flattened on the 
endometrial septa. The covering of the fetal villi is everywhere present, but 
irregular in thickness, suggesting that the surface layer is syncytial. X 103. 

Fic. 6. A photograph of the middle of the placental zone from the area 
shown under low magnification in Fig. 1. Note the septa or trabecule composed 
of endometrium which enclose spaces or crypts in which the chorionic villi lie. 
The endometrial trabeculz are lined by extremely flattened epithelial cells, while 
the fetal villi are clothed by chorionic epithelium of a syncytial nature and ir- 
regularly thickened. 103. 
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on the surface by a common outlet which can be seen grossly as minute, 
whitish flecks designated as areolz scattered irregularly over the surface 
of the mucosa when it is viewed stripped away from the chorion. In 
my experience with the porpoise these are easily seen with the naked eye 
in the extensive area of mucosa in the left uterine cornu in loose apposi- 
tion to the chorion. In the area, on the contrary, in which the inter- 
locking of chorion and endometrium is intimate, where the mucosa is 
thickened and more or less honeycombed for the reception of the 
chorionic villi, the areole are invisible. This, I believe, should not cause 
surprise for the glandular orifices empty into the deeper, concealed parts 
of the recesses created by the markedly proliferated endometrium. On 
the surface actually, after the chorion has been pulled loose, only the 
crypts are seen which provide for the penetration of the chorionic villi 
into the spongy endometrium. The areolar areas are invisible. This 
circumstance has been overlooked by Klaatsch who, I believe, confuses 
the areolar openings and the mouths of the endometrial crypts which are 
of a different nature. 

In the chorion of my specimen I have looked in vain for correspond- 
ing chorionic areola or vesicles such as characterize the chorion of the 
sow which are described as present in specimens of various cetaceans 
investigated by Turner and Klaatsch. It appears in my specimen, in 
contrast to the sow, as though the uterine secretion after being dis- 
charged from the uterine glands undergoes absorption in the spaces or 
recesses just described between the tips of the chorionic villi and the 
funduses of the endometrial crypts, instead of as in the sow, in which 
small areolar pockets reserved for the absorption of embryotrophe indent 
the simple chorion, leaving chorionic folds around them, the latter sub- 
serving the more intimate union necessary for gaseous exchange. In the 
porpoise it seems apparent that the tips of chorionic villi dip down into 
the spongy endometrium to tap the reservoir of maternal embryotrophe 
situated at the bases of the endometrial trabecule, whereas the super- 
ficial zone of the endometrium is designed for that more intimate ap- 
position of the chorion, providing for the more direct metabolic ex- 
change. 

To continue the discussion of the detailed anatomy of the membranes, 
Turner and Klaatsch make note of a definite pattern of the chorionic 
villi, reporting that the villi tend to be arranged or grouped in a linear 
way often conforming to the course of larger blood-vessels or folds of 
the chorion. Of this I am able to make out little or nothing in my speci- 
men. When larger areas of the chorion are viewed, one does notice a 
certain irregularity or patchiness of the velvet-like villi, but this uneven- 
ness of height and density does not conform to any definable pattern. 
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The main differences between the height and density of the villi in my 
specimen are related solely to the two major areas of the chorion empha- 
sized in the previous account. 

A few more words should be devoted to the allantois. As has been 
said, it is a bilobed bag largely in contact with the chorion. The left 
lobe, however, is fused over about half of its surface with the amnion. 
The allantois and amnion constitute together a thick transparent mem- 
brane separating allantoic from amniotic fluid. In this membrane a few 
blood-vessels are present which are given off as slender branches from 
the larger allantoic vessels supplying the chorion (KR. v. all., Plate III). 
In the allantoic fluid are a number of small, free bodies which are brown, 
irregular in outline, and of the consistency of gum. On the amnion, 
more particularly that portion fused with the allantois, there are nu- 
merous minute, brownish elevations, the caruncule of previous observ- 
ers. These structures, which there is no necessity of describing in detail, 
are especially abundant here as well as on the umbilical cord. 


Tue UMBILICAL Corp 


A few observations of interest have been made on the umbilical cord. 
A detailed account of structures already well known will not be under- 
taken. I have paid no particular attention to the epithelial covering of 
the cord which possesses characteristic epithelial thickenings, so-called 
carunculz which have been described in detail for Phocena by Klaatsch 
and for various other species by Turner. 

A cross-section through the middle of the umbilical cord of Phocena 
reveals two arteries and two veins. Besides these the cross-section 
shows several duct-like structures (Plate V, Fig. 10). A decision as to 
the nature of these several ducts offers difficulties, of which Klaatsch was 
aware. First of all there is a large epithelial-lined duct in the center of 
the cord which by dissection can be traced in both directions, and is 
found to communicate with the allantois at one end and with the urachus 
at the other—evidently the allantoic duct (Fig. 10, a). This is lined 
by cells of variable height: in part they are cuboidal, in other part lower 
than cuboidal (Fig. 11). Two similar duct-like spaces lined by a similar 
type of epithelium are found opposite to one another on the periphery 
of the cord (Fig. 10, b, c). In addition to these, several smaller cleft- 
like spaces lined by epithelium are visible. All of these spaces exhibit 
the same type of epithelium which suggests that they are related to one 
another. On tracing the two larger of the clefts by dissection of the 
cord no final answer as to their relationships is obtained. Nevertheless, 
in two places they appear definitely to join and to become part of the 
centrally located allantoic duct. Towards the placenta the two clefts 
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appear to lose themselves in connective tissue. “Towards the umbilical 
ring one of them seemingly joins the allantoic duct. I interpret these 
clefts as diverticulz of the urachus or allantoic duct. Near the umbilical 
ring the allantoic duct is an extensive structure composed of clefts which 
extend widely around the circumferences of the blood-vessels. It is 
not unlikely that the aforementioned clefts, which farther out on the 
cord are seemingly separated from the allantois, are parts of the allantoic 
duct which are partially separated by septa from the main duct and 
which communicate with the main duct at one or more points. Klaatsch 
in his younger specimen found similar evidence of the occurrence of 
diverticule of the allantoic duct. Nothing short of study of serial sec- 
tions through the cord of Phocena would reveal the exact configuration 
of the allantoic duct. 

In my own material I find no signs of the vitelline duct or remnants 
of it. In Klaatsch’s younger specimens he interpreted certain epithelial 
structures as the remains of it. 

Another striking characteristic of the cord of Phocena mentioned by 
Klaatsch and especially clearly visible in my own specimen is the pres- 
ence of bundles of smooth muscle running longitudinally in the stroma of 
the cord (Fig. 11). Klaatsch interpreted these unusual bundles as 
remnants of the yolk sac or in part as off-shoots from the muscular 
tunics of the umbilical vessels. Neither of these explanations accounts, 
I believe, for the presence of so many stout, rather scattered bundles of 
muscle fibers. What their nature may be must remain undetermined for 
the present. 

Finally I wish to make a few remarks upon a further interesting 
observation by Klaatsch. He mentions, as a puzzling feature of the 


PLATE V 


Fics. 7 and 8. Photographs showing at low magnifications the topography of 
the placenta in the region of area a, Plate I. The irregular crypts demarcated by 
endometrial septa and containing the chorionic villi can be seen. X 47. 

Fic. 9. A view of the stroma of the umbilical cord, showing a number of 
small blood-vessels by which the stroma is vascularized.  X 47. 

Fic. 10. Cross-section of the umbilical cord midway between the umbilicus 
and the allantois, showing the four umbilical vessels. Three clefts, one in the 
center and two situated peripherally marked a, b, and c, indicate the allantoic duct 
(a) and its diverticula (b and c). The small black dots scattered throughout the 
stroma of the cord are for the most part small arteries and veins which constitute 
a vascular bed in the stroma of the cord, similar to the vessels shown under higher 
magnification in the previous figure.  X 8. 

Fic. 11. Higher magnification of a part of the umbilical cord adjacent to the 
allantoic duct showing bundles of smooth muscle fibers scattered through the 
stroma and bearing no apparent relationship to the musculature of any of the four 
major umbilical vessels. On the left of the figure two larger, very black areas 
are small blood-vessels supplying the stroma.  X 47. 
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cord of Phocena, the presence in the stroma of several small arteries 
and veins, evidently branches of the umbilical arteries and veins. As 
to the significance of these small vessels in the cord, Klaatsch makes no 
remarks. In my own specimen these small vessels in the stroma of cord 
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are very distinct and much more abundant than one would have sup- 
posed from Klaatsch’s observations (Figs. 9 and 10). Indeed the 
stroma of the cord appears to be richly vascularized at a period near the 
termination of pregnancy. This vascularization of the cord at such an 


94. GEORGE B. WISLOCKI 


advanced age is of interest to me because of my observations of the 
cords of other animals. The umbilical cord of man and other primates 
is said to have no blood-vessels other than the umbilical arteries and 
veins; the stroma of the cord is supposedly avascular, possessing no 
capillaries. Only at the period of blood-vessel formation in the body- 
stalk is there a vascular plexus in the cord. This period is brief, the 
vessels of the cord being reduced early to the several major arteries and 
veins. According to my observations many mammals are quite different 
from man in that the connective tissue of the fully developed cord at the 
height of gestation possesses an extensive vascular bed. This blood vas- 
cular bed is independent of and has nothing to do with the vitelline 
blood-supply which in some animals may be extensive and coexistent 
with it. Grosser (1927) makes no mention of this subject; Jordan 
(1919), however, describes vascularization of the connective tissue in 
sections of the umbilical cord of the pig. Other than Klaatsch’s re- 
marks on the porpoise and Jordan’s observations upon the pig, no further 
study or discussion of this matter appears to exist in the literature. My 
first experience in regard to it was with pig fetuses in which, at stages of 
from 100 to approximately 250 mm. crownrump length, I have been able 
to inject a rich set of blood-vessels in the stroma of the cord. In cleared 
specimens J have observed the origin of these vessels in the pig as minute 
arteries given off at frequent intervals from the umbilical arteries. 
Small veins similarly join the umbilical veins at short distances apart. 
The entire cord is vascularized in this manner. On observing sections 
of the cords of a variety of other mammals I have found evidence of 
similar vascularization of the tissue composing the cord. Amongst them 
is the cord of Phocena. 

I have made two groups of the animals which I have investigated. 
I was careful in each instance to take the section from the middle of the 
cord well away from its attachment to the placenta. Those which have 
a vascularized stroma of the umbilical cord are: 


Species Stage examined 

ois cet chesiu vats les ave eax Seeraic cater orators Sus scrofa 100-250 mm. C. R. 
Hippopotamus) \e----ceee =) Seeciae Hippopotamus sp.? Term 
IRECCARY Aner eee Shae ls nice ee adie Pecari angulatus 

bangst 47 mm. C. R. 
POROUS Ch na emer oeie ate evs aie ere seuetoae Seer acakclaRe Phocena phocena Near term 
le RRceb'c: Cathie pay Bieter MOI ee Sa CI emer Proacavia capensis 147 mm. C. R. 
SIOEMMMERe cee a emir oa ne maison sate Bradypus griseus 

griseus 215 mm. 
VeNexOybisl dtia or teand GEOR OEM ea een ae Dasyprocta punctata 

isthmica 126 mm. C. R. 
Capy bata ee aney irs itate oti teehee cUameea Hydrocherus capybara 200 mm. C. R. 


Galeopithecuspeet cnc Macc cicreie ee Galeopithecus volans Middle gestation 
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Those which have not a vascularized stroma of the cord are: 


Meat ate ee cele ais aepartes c ciciae cesar arsine Tapirella bairdi 190 mm. C. R. 
(GBB VeG): Ns acy ccleaner Galagoides demidoffi fay iaannal, (Cy Ie. 
MMiairmOSetae cri sisieeieie tie crleteie ees sioveian ele «6 CEdipomidas geoffroyi 47 mm. C. R. 
lowlines monkeya seem. secs e eae: Alouatta palliata Middle gestation 
DpidemimMonkey: ves'.cas ease ee wie eke eas Ateles geoffroyi Term 

(Gill DONA cs Seca h Nene ht Osea ar ee Ree Hylobates pileatus Near term 

ROM PANZES fab eka ie wiin oe Boe ts Pan paniscus satyrus Near term 


Thus it will be seen that outside of the Order Primates the majority 
of the animals examined possess well-vascularized umbilical cords and 
Phocena belongs to the latter category. I hope to publish elsewhere the 
results of a further study of this matter. What the functional signifi- 
cance of the possession of a vascularized umbilical cord may be remains 
obscure. It may have some bearing on the mode of formation and 
changes in quantity of the amniotic fluid. 

Besides this capillary blcod supply to the umbilical cord of Phocena, 
the question arises as to whether there are lymphatics in the cord. I 
mention this because Anderson and Klaatsch describe lymphatics in the 
cords of their specimens of whales, the latter giving a figure of an en- 
dothelial-lined channel which he believes is a lymph-channel. He says 
in another place in his paper, however, that the epithelial linings of the 
several structures in the cord were so poorly preserved that he was un- 
certain as to their morphology. This makes me doubt the accuracy of 
his observation on the endothelium of the supposed lymphatics. More- 
over, he speaks of the anatomical continuity of this lymph channel with 
tissue spaces. On examination of my own specimen I am led to believe 
that he and Anderson erred in the identification of lymphatics. I find 
nothing that resembles true lymphatics. However, without resorting 
to injection methods to fill lymph vessels, it is impossible to dismiss with 
certainty the possibility of their existence in a given tissue. 


THe GENITAL OUTLET 


A sketch is presented of the mid-sagittal view of the genital outlet 
of the present specimen (Plate II]). The topography of the organ is 
of some interest and deserves a brief discussion. Daudt and Meek both 
describe the vagina of the porpoise as consisting of two segments—a 
lower segment that is relatively straight and smooth, and an upper seg- 
ment of about equal length that is partially subdivided by the presence 
of several prominent bulging folds. Such an assumption on their part 
defines the os uteri as a short segment adjacent to the uterus indicated 
in the present sketch by the letter a, Plate III. An alternative inter- 
pretation of the homologies of the structures appears to me to bear 
examination. The os uteri externi could be homologized instead with 
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the bulging lips marked b in the drawing, in which case the cervical 
segment would include all of that segment designated as the upper part 
of the vagina by Meek and Daudt. In favor of this assumption is the 
fact that there are well-marked fornices at this point and a rather sharp 
demarcation between the musculature above and below it, as is shown in 
the drawing. Moreover, the upper third of this segment, belonging to 
the vagina according to Meek and Daudt, is clearly glandular as micro- 
scopic examination reveals. These glands are abundant and deep, and 
their secretion completely fills the lumen of the region in question, be- 
tween a and b, with a gelatinous mass. This jelly was removed before 
the sketch was made. Thus the walls of the space immediately caudal to 
the folds, termed the spermothecal recess by Meek, are extremely 
glandular and the lumen is distended with jelly-like secretion. 

To answer the question raised, in view of our almost complete ig- 
norance of the comparative anatomy of the lowermost uterine segment, 
is impossible. The subject of the homologies of this segment in the 
mammalian series is one that is almost untouched. By comparison with 
the human, which is at the moment almost the sole basis for comparison, 
little help is obtained. Nevertheless, it is known from studies on the 
macaque (Joachimovits, 1928; Wislocki, 1932) that the cervical segment 
may be a much more complicated succession of folds than is ordinarily 
realized. On the other hand, in other animals it may be much less con- 
spicuous than in the human, as for example in the gibbon (Wislocki, 
1932). Concerning the question of whether in the Cetacea the elaborate 
sets of folds at the junction of uterus and vagina should be regarded as a 
part of the former or of the latter, extreme caution should be exercised 
until further comparative morphological studies of the subject have been 
undertaken. In the one instance the cervix would have to be regarded as 
extremely reduced; in the other event, it would have to be looked upon 
as a highly developed and specialized structure. 


SUMMARY AND CONCLUSIONS 


Examination of a rather well-preserved specimen of one of the 
smallest species of whales (Phoczena phoccena) demonstrates that near 
term the placenta is diffuse and is of the epithelio-chorial type. Al- 
though diffuse in character, the chorion can be divided at this stage into 
two rather well-defined areas; the first, an area of intimate interdigita- 
tion of branching villi and proliferated endometrium corresponding in 
the main to the region of allantochorionic fusion; the second, an area of 
stunted villi and reduced endometrium corresponding roughly to the area 
of amniochorionic fusion. ‘These areas can be related to some extent to 
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the allantoic blood supply, which is much more profuse in the region of 
the allantochorion than in the region of the amniochorion. 

In spite of the fact that the branching chorionic villi are intimately 
interlocked in the allantochorionic area with crypts of the uterine mucosa, 
the endometrium, as well as the chorion, retains its complete integrity by 
virtue of the survival of intact epithelial coverings. In the case of the 
endometrium the epithelium is cuboidal in the fundic parts of the endo- 
metrial crypts, whereas it is flattened in the outer and more extensive 
parts of the crypts. The chorionic epithelium, on the contrary, although 
forming a complete investiture of the villi, is interpreted as being syn- 
cytial in character. Thus the placenta is of the epithelio-chorial type, as 
described in the sow, horse, tapir, hippopotamus, camel, Manis, and the 
lemurs (with the possible exception of Galago). The interlocking of. 
chorionic villi and endometrium is, however, much more complex than in 
the sow, being more like that described in the horse. Whether the at- 
tenuated endometrium in the amniochorionic area of the porpoise bears 
close analogy to the horse, in which widespread degeneration of the endo- 
metrium is said to occur in the fourth and fifth months, cannot be ascer- 
tained without access to further stages of the porpoise. Be that as it 
may, the porpoise placenta does not appear to be of the syndesmochorial 
type which occurs typically in many ungulates with cotyledonary placen- 
te. It appears inconceivable, however, that at parturition the fetal and 
maternal tissues, which are intimately interlocked in the area of the 
allantochorion, are destined to separate without a certain amount of 
damage to the chorion and endometrium. Either the endometrium must 
be torn away to some degree or the chorionic villi must become torn off 
and retained to a certain extent. A separation without trauma to the 
tissues appears unlikely. 

LITERATURE 

ANDERSON, J., 1878. Anatomical and Zoological Researches, Comprising an Ac- 
count of the Zoological Results of the Two Expeditions to Western 
Yunnan in 1868 and 1875, and a Monograph of the Two Cetacean Genera 
Platanista and Orcella. London. 

BEAUREGARD, H., anp R. Bourart, 1882. Recherches sur les appareils genito- 
urinaires des Balaenides. Jour. de l’anat. et physiol., 18: 158. 

CuHapry, L., anp R. Bourart, 1883. Note sur un foetus de dauphin et ses mem- 
branes. Jour. de l’anat. et physiol., 19: 572. 

Daupt, WILHELM, 1898. Beitrage zur Kenntnis des Urogenital-apparates der 
Cetaceen. Jena. Zeitschr. f. Naturw., 32: 231. 

Gervais, H. P., 1883. Sur un utérus gravide de Pontoporia Blainvillei. Compt. 
rend. Acad. Sci., 97: 760. 

Grosser, O., 1927. Frithentwicklung, E/ihautbildung und Placentation des 
Menschen und der Saugetiere. Munchen. 

GULDBERG, G., AND F. NANSEN, 1894. On the Development and Structure of the 
Whale. Bergens Museum. Bergen. 


Hern, S. A. ARENDSEN, 1914. Urogenital System in Monodon. Verh. Kon. Akad. 
v. Wetensch. Amsterdam, 2d Sect., Pt. 8, No. 3, p. 56. 


8 


98 GEORGE B. WISLOCKI 


Joacuimovits, R., 1928. Studien zur Menstruation; Ovulation; Aufbau und 
Pathologie des weiblichen Genitales bei Mensch und Affe (Pithecus fasci- 
cularis mordex). Biologia generalis, 4: 447. 

Jorpan, H. E., 1919. The Histology of the Umbilical Cord of the Pig, with Spe- 
cial Reference to the Vasculogenic and Hemopoietic Activity of its Ex- 
tensively Vascularized Connective Tissue. Am. Jour. Anat., 26: 1. 

KraatscuH, H., 1886. Die Eihtillen von Phocena communis Cuv. Arch. f. mikr. 
Anat., 26: 1. 

MEEK, ALEXANDER, 1918. The Reproductive Organs of Cetacea. Jour. Anat., 52: 
186. 

RippieE, Oscar, 1924. Sex in the Right and Left Sides of the Bird’s Body. Proc. 
Am. Phil. Soc., 63: 152. 

Turner, W., 1870. An Account of the Great Finner Whale (Balenoptera Sib- 
baldii) Stranded at Longniddry. Trans. Roy. Soc. Edinburgh, 26: 197. 

——, 1871. On the Gravid Uterus and on the Arrangement of the Foetal Mem- 
branes in the Cetacea. Trans. Roy. Soc. Edinburgh, 26: 467. 

——, 1875-76. A Further Contribution to the Placentation of the Cetacea (Mono- 

; don monoceros). Proc. Roy. Soc. Edmburgh, 9; 103. 

Wistock1, G. B., 1932. On the Female Reproductive Tract of the Gorilla, with a 
Comparison of that of other Primates. Carnegie Inst., Contrib. to 
Embryol., 23: 163. 


POLYMORPHISM AND METHODS OF ASEXUAL RE- 
PRODWELION: IN TEE ANNELID, DODECACERTA, 
OF VINEYARD SOUND 


EARL A. MARTIN 


DEPARTMENT OF ANATOMY, CORNELL UNIVERSITY MEDICAL COLLEGE, 
NEw Yorxk City 

Remarkable diversity in the reproductive phenomena of the European 
variety of Dodecaceria concharum, an annelid worm, has been shown by 
the work of Caullery and Mesnil, and Dehorne. The first authors re- 
ported three forms which they designated as 4, B, and C. Form A was 
sedentary, parthenogenetic, and viviparous. Form B was epitokous, 
pelagic when mature, and both males and females occurred in approxi- 
mately equal numbers. Form C showed a tendency to become epitokous 
but was thought to be sedentary when mature. In this form only 
females were found, and since large mucous glands were present near 
the gonoducts it was concluded that the form was parthenogenetic and 
oviparous. Form A was most numerous, form B occurred in much 
smaller numbers, and form C occurred very rarely. 

In 1924 Dehorne reported that a very primitive type of asexual re- 
production occurs in form B described by the previous workers. In 
this process the metameres in the middle region of the body become con- 
stricted at the annuli and break away into single units. These free 
metameres regenerate from the anterior surface new head and body 
segments and from the posterior surface a new anus and body segments. 
The new individual then becomes a young Dodecaceria. More recently, 
in the fall of 1932, Dehorne has modified this description and reports 
that the original segment does not actually become incorporated into the 
new individual but that when the anterior and posterior regenerating 
ends reach a certain stage they separate at the junction of the new ma- 
terial with the old metamere and by further regeneration form two 
complete individuals. The original segment may repeat the process of 
regenerating head and tail portions a second time and these again break 
away, leaving the old metamere which then probably dies. This break- 
ing up into segments or autotomy of the middle region in the original 
adult leaves the anterior piece without a tail end and the posterior piece 
without a head end. Dehorne, 1927, reported that each of these two 
portions regenerated its missing end and that some of the individuals 
produced in this manner may give rise to the sexual form B. 
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The Dodecaceria of the Woods Hole region were originally described 
by Leidy and Verrill. In 1855 Leidy recorded a species of annelid 
found burrowing in dead coral (Astrangia danae) at Point Judith which 
he named Naraganseta coralu. ‘This species was subsequently placed in 
the genus Dodecaceria by Verrill. In 1879 Verrill described a species 
collected in the Bay of Fundy and named it Heterocirrus fimbriatus. 
He reported that this species occurred along with Dodecaceria concharum 
and was related to it. Caullery and Mesnil later called attention to the 
fact that Heterocirrus fimbriatus resembled closely the form B of 
Dodecaceria concharum and suggested that it belonged to the genus 
Dodecaceria. 

Several years ago the writer found that Dodecaceria occurred in 
abundance in the nodules of encrusting Bryozoa in Vineyard Sound. 


oewtann 
at 
ca 


Fic. 1. Dodecaceria fimbriatus in asexual reproduction. Region A breaking 
into single metameres by segmental constrictions. 


The scant references concerning the American species, together with the 
interesting phenomena described by Caullery and Mesnil and especially 
their observation that Heterocirrus fimbriatus resembled the form B of 
Dodecaceria concharum, led me to begin an investigation of the Dode- 
caceria at Woods Hole. After a preliminary survey intensive investi- 
gation was started in July, 1932. At present, collection of material is 
being made at frequent intervals in order that the life cycle may be de- 
termined throughout the year. 
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Early in this investigation the Heterocirrus fimbriatus of Verrill was 
identified and its resemblance to the form B of Dodecaceria concharum 
was found to be so striking that thus far it has been impossible to dis- 
tinguish differences between them. They appear identical in the de- 
velopment of the eyes, the atrophy of the palps, and the setigerous pat- 
tern. A more critical study of the sete in the two is being made, but 
on preliminary study similarity extends even to the possession of a 
tooth at the base of the excavation in the spoon-shaped sete. 

Caullery and Mesnil have described the presence of a gregarine 
parasite, Gonospora longissima, in form B. This parasite may be ob- 
served as a white mass under the yellow integument. When mature 
specimens of form 6 are disturbed in the Lithothamnion (calcareous 
alee) they swim violently, shedding their eggs or sperm, and when 
empty the gregarines can be seen as long white threads extending out of 
the gonoducts. The behavior of Heterocirrus fimbriatus at maturity is 


Fic. 2. A. Anterior end of worm regenerating a tail after autotomy. JB. 
Single segment that has regenerated 12 segments anteriorly and 11 segments pos- 
teriorly. C. Posterior end of original worm that has regenerated 9 segments 
anteriorly. 


identical with the description of form B, and a gregarine parasite is 
present which also appears to be identical with the Gonospora longissima 
of form B. These observations demonstrate that the Heterocirrus of 
Verrill belongs in the genus Dodecaceria. It has not been possible to 
distinguish fimbriatus from concharum, but since the existence of the 
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same species on opposite sides of the Atlantic seems improbable, decision 
is reserved on this point. 

Asexual reproduction began in my material during the latter part of 
the summer. I was unaware of the work of Dehorne and my conclu- 
sions thus far have been formed independently of Dehorne’s papers. 
Professor Caullery, during a recent visit to this laboratory, gave me the 
references to Dehorne’s publications. 

The phenomenon of asexual reproduction in the American form 
(Figs. 1 and 2) is essentially the same as described by Dehorne, and 
those differences that do exist between his observations and mine may be 
resolved by further study. For example, I have observed, contrary to 
Dehorne’s last report, that single segments may give rise to one indi- 
vidual without further autotomy, in which case the original segment 1s 
incorporated into the new individual. This is in line with Dehorne’s 
earlier idea. It has been possible to make this certain since the original 
segment can be identified in these individuals by a darker band of pig- 
mentation (Fig. 3). 

My observations on the further autotomy of the regenerating anterior 


Fic. 3. Young individual derived from a single segment. Note dark band 
which marks the original metamere. . 


and posterior ends are not yet complete. I am sure, however, that this 
phenomenon also occurs in the American form and that it is probably 
quite extensive since there are relatively few of the young Dodecaceria 
which possess the dark band of pigmentation referred to above. Re- 
liable data on this point can be derived only from newly collected ma- 
terial and not from specimens living in laboratory vessels. It is found 
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that when regenerating segments are removed from the bryozoan nodules 
in which the worms live and are placed in glass dishes, mucus is secreted 
which accumulates at the junction of the old segment with the regen- 
erating tissue, and there is evidence that this increases the tendency to 
autotomize at this point. 

Since Caullery and Mesnil did not find asexual reproduction in 
specimens taken from the Lithothamnion at Cherbourg and since De- 
horne did find both the pelagic form B together with asexually repro- 
ducing individuals in the marl at Le Portel, Dehorne concluded that the 
asexual reproduction may have been caused by chemical differences in 
the material in which the worms were burrowing. The fact that, as my 
study shows, the phenomenon of asexual reproduction in Dodecaceria 
has a wider distribution than the French workers thought seems to make 
this conclusion doubtful. 

I have recently found indications that the anterior end of the asexual 
parent produces the epitokous form B, thus confirming the report of 
Dehorne. One specimen, recently found regenerating the posterior end 
after autotomy, contained the gregarine parasites mentioned above. 
Another specimen was observed which had developed pelagic sete and in 
which the posterior end showed evidences of having recently been re- 
generated. Further observations on this point are under way. 

A careful search has been made for forms resembling 4 and C, but 
thus far there is no evidence that they exist on this side of the Atlantic. 
Early in my investigation many specimens collected were thought to be 
form A, but it was found that they differed in their morphology from 
all forms described by European authors. These specimens have been 
identified as Dodecaceria coralu. ‘This species is larger than the Eu- 
ropean Dodecaceria, which never possess as many as 100 segments, while 
the larger specimens of Dodecaceria coral exceed 100 and may reach as 
many as 145 segments. This is the most abundant species in Vineyard 
Sound and the point of chief interest is that it is sedentary throughout 
life, showing no indications of an epitoke, and that both males and fe- 
males occur. It is not viviparous. 

Caullery and Mesnil, although, as they pointed out, there was some 
evidence to the contrary, concluded that the forms 4A, B, and C were 
members of one polymorphic species. The close similarity between 
forms B on opposite sides of the Atlantic in both their sexual and asexual 
phases indicates close relationship. This, together with the fact that the 
forms A and C do not occur on this side of the Atlantic, has led the 
writer to believe that the ensemble 4, B, and C which Caullery and 
Mesnil have classed as a polymorphic species is actually a group consist- 
ing of more than one species. On his recent visit Professor Caullery 
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informed me that work now being done in Europe has led him to the 
same opinion. 

The tentative conclusion concerning the American forms is that two 
species exist, Dodecaceria coralu and Dodecaceria fimbriatus, the latter 
being polymorphic, consisting of sexual and asexual individuals. 

The reproductive phenomena displayed by Dodecaceria may be ar- 
ranged in a series in which pelagic epitokous forms occur at one end, 
producing eggs and sperm, while at the other end reproduction is effected 
by as primitive a form of asexual reproduction as is known in the 
phylum. It is interesting to note that the polymorphic form B occupies 
both ends of the series. 


REPRODUCTIVE SERIES IN DODECACERIA 


1. Eggs and sperm shed by pelagic epitokous males and females. 
Form B, Dodecaceria concharum and D. fimbriatus. 

2. Eggs and sperm produced by sedentary atokous males and females 
that are oviparous. JD. coral. 

3. Parthenogenetic eggs produced by sedentary epitokous females 
that are oviparous. Form C, Dodecaceria concharum. 

4. Parthenogenetic eggs that develop in the ccelom to a larval stage 
(viviparous). Form A, Dodecaceria concharum. 

5. Asexual reproduction by separation of single metameres which 
regenerate complete worms. JD. fimbriatus. 

6. Asexual reproduction by secondary autotomy of regenerating seg- 
ments. Form B, Dodecaceria concharum and D. fimbriatus. 

Close similarities among the vegetative structures make this a val- 
uable group in which to study the evolution of different methods of re- 
production. In spite of wide geographic distribution of these annelids 
their environmental conditions are similar wherever they occur. The 
similarity that exists between the biological associations in the Litho- 
thamnion at Cherbourg (Caullery and Mesnil) and the association of 
species in the bryozoan nodules of Vineyard Sound is striking. It is 
suggested that the uniformity of the environment has decreased the 
effectiveness of selection on vegetative characters of these worms, while 
the burrowing habit has increased the effectiveness of selection on pos- 
sible methods of reproduction in the burrows, thereby avoiding losses 
incident to pelagic spawning. I infer that asexual reproduction in 
Dodecaceria is a secondary phenomenon. 

The identity between Dodecaceria fimbriatus and the form B of 
Dodecaceria concharum on opposite sides of the Atlantic presents an 
interesting problem in geographic distribution. If Dodecaceria fim- 
briatus and the form B of Dodecaccria concharum are different species, 
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which would seem probable, they are so closely related that they must 
have arisen in a common region. ‘There is small chance of continuity 
across the abysmal regions of the Atlantic, nor is the duration of life 
of the pelagic form sufficient for it to be carried any great distance. 
Dodecaceria has been reported as occurring on the piles in Nantucket 
Harbor, which suggests the possibility that the larva of the pelagic form 
may live on the encrusted bottoms of ships and in this manner be carried 
across the Atlantic. However, since Dodecaceria is a primitive genus 
and also since the calcareous materials in which they occur are old 
geologically, it is probable that these worms have existed in their present 
habitat for a long period of time. It is planned during the coming sum- 
mer to learn, if possible, whether there are differences among forms of 
Dodecaceria which range north and south of Cape Cod. 
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STUDIES ON THE CILIATES FROM SEA URCHINS 
: I. GENERAL TAXONOMY 


PHILIP B. A. POWERS 


ZoOLOGICAL LABORATORY, UNIVERSITY OF PENNSYLVANIA 


INTRODUCTION 


Five (+ 2?) species of ciliates are found infesting the intestinal 
ceca of Strongylocentrotus drobachiensis (O. F. Muller). In study- 
ing these ciliates it was of interest to examine allied species known to be 
endemic to sea urchins of other localities. 

The data growing from these investigations can best be presented in 
the form of a series of papers of which this is the first. The subsequent 
papers will (where such studies may be of value) present observations 
on the detailed morphology of individual or closely allied species. This 
first report is in the nature of a general survey covering 14 species of 
ciliates found infesting 3 species of sea urchins. 


MATERIALS AND METHODS 


In Table I are shown the various species of sea urchins examined, 
their source, and the number of species of ciliates comprising their in- 
festation. 

In addition to the above, species of Arbacia from Cape Cod, the Bay 
of Naples, and from Beaufort, N.C., were examined for ciliates but 
with negative results. 

When collecting samples of the intestinal contents of sea urchins, 
it was found advisable to take precautions to prevent any possible con- 
tamination of the sample with possible chance mixtures of free-living 
ciliates. It was found that by rinsing the sea urchin in sterile fresh 
water and then using clean instruments in subsequent operations, possi- 
bilities of chance contamination were eliminated. Observing these nec- 
essary precautions, the technique used in this study was essentially that 
of Lynch (1929): Freshly collected and healthy sea urchins were 
opened by cutting the test in half with heavy scissors. The perivisceral 
fluid was drained out and the intestine removed to a clean dish, opened, 
and its liquid content collected with a sterile pipette and either studied 
immediately, or preserved in filtered sea water at 10° C., or the material 
was fixed as smears on coverslips. Material was also preserved in 
bulk by spurting the intestinal fluid into small flasks of warm fixative. 
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The most successful fixatives used were Schaudinn’s, Bouin’s, or Flem- 
ming’s fluid without acetic acid (F. W. A.). The fixed material was 
studied in the form of whole mounts or as sections 7 to 10» thick. 
The principal stain employed was iron-alum hematoxylin. Mayer’s 
hemalum, as well as Lynch’s (1929) method of using carmine and 
indulin were found very helpful in confirming observations. Feulgen’s 
nucleal reaction was used as a final check on the nuclear structures of 
the various forms investigated. 
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ABrE SE 


Number of species of ciliates comprising infestation of various species of sea 
urchins examimed 


Nature of Infes- 


Echinoids: Host Locality Date of Examination fei tioyal 
Strongylocentrotus dré- Gulf of St. Lawrence |Sept. 1930 5 species (+2?) 
bachtensis Roque Is., Me. Aug. 1930 5 species 
(O. F. Miiller) Mt. Desert Is., Me. |July-Aug., 1929-31) 5 species 
Portland, Me. Nov.-Dec., 1933 4 species 
Strongylocentrotus lividus | Bay of Naples Aug. 1932 3 species 
Brd. 
Echinus esculentus L. Aberdeen, Scotland |June 1932 
Plymouth, England |June 1932 
Toxopneustes variegatus | Beaufort, N.C. April 1931 4 species 


(Lamarck) 


The writer wishes also to express his gratitude to the gentlemen direct- 
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CILIATES ASSOCIATED WITH SEA URCHINS 


In the following notes, the writer has included all the species en- 
countered, for even in cases where the species has previously been de- 
scribed, the present diagnosis includes points in its description which 
are here noted for the first time. 

In describing the flattened ciliates, the ventral surface is taken to be 
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that one which is most often found in contact with the substratum. 
When the cytostome is found neither on the ventral nor the dorsal sur- 
faces, but rather on the lateral margin, that margin (edge) is referred 
to as the oral margin and the opposite side as the aboral margin. This 
term (oral margin) is also used to designate the side nearest the cyto- 
stome. The anterior field is that frontal area, devoid of cilia, which is 
found on, or bordering, the antero-ventral aboral margin. 


DESCRIPTION OF SPECIES 
Genus CRYPTOCHILIDIUM Schouteden 1906 


Kahl (1931) has called attention to the fact that the genus Crypto- 
chilum Maupas 1883 is preoccupied by the genus Cryptochilus Rafi- 
nesque 1815, an hymenopteran; leaving as the next available name, 
Cryptochilidium Schouteden 1906. 


Cryptochilidium (Cryptochilum) echini (Maupas, 1883) 
(Plate ly phig.73:) 


Diagnosis: Average length 83 (45-115), average width 38 (20- 
55)u. The body is much flattened, leaf-like with both ends rounded. 
The region anterior to the middle is exceedingly thin and blade-like, 
while the region posterior to the middle is somewhat thicker, owing to 
the food vacuoles which fill this area. The posterior end bears a caudal 
projection armed with from 4 to 7 bristles, each about 12 to 18, in 
length. Of the two lateral margins, the aboral margin is curved an- 
teriorly while the oral margin is almost straight. The cytostome is lo- 
cated at about the middle of the ventral side of the oral margin. It is 
particularly conspicuous due to a row of heavy cilia about 12m long 
which are inserted along the length of the right peristomal border. In 
the buccal cavity, there are found two thin projecting flaps of pellicle 
which form a pair of non-motile membranes. A small pharynx leads 
from the buccal chamber to the interior endoplasm. The food vacuoles 
contain bacteria or fragments of mucosa from sea urchin intestine. A 
simple contractile vacuole appears posteriorly. 

The cytostome is located on the side which appears to be ventral 
from the fact that the animal uses this surface in contact with the sub- 
stratum during locomotion. The striations on this ventral surface are 
parallel with the oral margin and originate in a bare anterior field which 
runs along the curved aboral margin. The striations on the dorsal 
surface show a greater curvature than those on the ventral surface be- 
cause of their origin along the dorsal aboral margin. There are 18 to 
20 striations on the ventral as well as on the dorsal surface. The body 
cilia are about 6 long and are not very dense. As the animal rotates 
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while swimming through its medium, the ventral surface is seen to be 
somewhat concave with the caudal portion bearing its bristles pointing 
slightly ventrad. 

The spherical macronucleus measures about 20 » in diameter and is 
found, in the mid-body region, accompanied by a single micronucleus. 
A number of individuals were observed in fission or undergoing macro- 
nuclear re-organization as described by Dain (1930). 

Host: Strongylocentrotus lividus from the Bay of Naples. All the 
specimens examined contained a rather heavy infestation. 

Remarks: The size as observed by the writer is in agreement with 
that given by Dain (1930). None of the previous workers who have 
studied this species seems to have made note of the variable number of 
posterior bristles or the row of heavy cilia along the right margin of 
the peristome, although the latter are sometimes indicated in the figures 
of Dain. In examining cross-sections of the intestine, there have been 
found a number of cases where the body of C. echint is partially em- 
bedded in the intestinal mucosa. This indicates the possibility that C. 
echimi is a parasite rather than a commensal in relation with its host. 
It was discovered that these ciliates will exist for 5 or 6 days in sea 
water after removal from the sea urchin’s intestine, thus suggesting the 
possibility of oral transmission among sea urchins to account for the 
widespread prevalence of this infestation. 


Cryptochilidium (Cryptochilum) bermudense (Biggar, 1932) 
(GPa 1 lee.) 1) 


Diagnosis: Average length 150 (90-185), average width 65 (48- 
82). The body is broad and greatly flattened anteriorly with food 
vacuoles and cytostome confined to the posterior region, which tends to 
be somewhat bulbous and bears a caudal projection armed with bristles 
from 16 to 25, in length. The aboral margin is strongly curved an- 
teriorly while the oral margin is straight and contains the cytostome in 
a depression posterior to the mid-body region. The cytostomal area is 
marked by an extensive development of the anterior peristomal margin 
which bears a row of long cilia about its edge. The cytostome opens 
into a large vestibule or buccal chamber which has hanging from its roof 
a field of long cilia. The opening to the pharynx is marked by the 
presence of flaps of pellicle which form a pair of non-vibratile mem- 
branes. A long pharyngeal fiber marks off the region filled with large 
food vacuoles. The endoplasm about this “food basket ”’ is dense and 
granular. A simple contractile vacuole, sometimes accompanied by 
small accessory vacuoles, is found in the region posterior to that con- 
taining the food vacuoles; while anteriorly is found a large ovoid ma- 
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cronucleus, measuring about 40 < 30, accompanied by a single micro- 
nucleus. The region anterior to the macronucleus is clear, vacuolated, 
and very thin. 

The physiologically ventral surface is marked by a greater number 
of striations than the dorsal surface. These striations are parallel with 
the oral margin and have their origin in part from a short anterior su- 
ture, and in part from the anterior field. This frontal area is unique, 
for projecting from it (and continuous with the anterior field) are 
numerous lappets which are exceedingly delicate and devoid of cilia. 

Conjugation was not observed, although a number of individuals 
were found demonstrating phases of macronuclear reorganization. 

Host: Toxopneustes variegatus from Beaufort, N. C. This ciliate 
was abundant in all specimens of the host examined. 

Remarks: C. bermudiense found at Beaufort differs from that de- 
scribed from Bermuda by Biggar (1932) in that it is larger and its 
macronucleus is also of much greater proportions. 


Cryptochiidium (Cryptochilum) echinometris (Biggar, 1932) 
(Plate I. Fig. 4.) 


Diagnosis: Average length 122 (80-195), average width 46 (33- 
70)p. In shape, the body is oblong and much flattened in the anterior 
region. The oral margin is almost straight while the aboral margin is 
slightly curved and bears, anteriorly, an anterior field. The posterior 
region is bulbous and carries a caudal projection armed with bristles. 
The cytostome is located very near the oral margin on the dorsal sur- 
face, slightly posterior to the middle of the body. The pellicle form- 
ing the peristomal region is somewhat thickened and devoid of spe- 
cialized cilia. There is a field of oral cilia which appears to hang from 
the roof of the buccal cavity. 

The ovoid macronucleus is large, measuring about 20 X 30» and is 
found slightly posterior to the mid-body region, accompanied by a single 
micronucleus. A simple contractile vacuole is located posteriorly. 

Host: Toxopneustes variegatus from Beaufort, N. C. While not 
very abundant, this species was found in about 50 per cent of the hosts 
examined. 

Remarks: This is undoubtedly the species noted by Bray (1925) 
under the name of Cryptochilum echint. 


Puate I 


1. Cryptochilidium bermudense (Biggar), as seen from the dorsal surface. 
2. Entodiscus borealis (Hentschel), dorsal view. 

3. Cryptochilidium echint (Maupas), ventral view. 

4. Cryptochihdium echinometris (Biggar), dorsal view. 

5. Cryptochilidium gracile n. sp., dorsal view. 
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Cryptochidimm gracile n. sp. 
CBlate slniss05:)) 


Diagnosis: Average length 100 (78-125), average width 45 (40- 
55). In shape, the body is roughly oblong with the region anterior 
to the middle of the body greatly flattened, while that part posterior to 
the mid-body region is bulbous and bears a caudal projection carrying 
a bristle about 20 uw long. The body is covered with fine, densely placed 
cilia (12 to 14 long) arranged in about 64 rows on the ventral sur- 
face and 33 rows on the dorsal surface. Several longitudinal ridges 
are sometimes noted on the surface of the anterior region. The cyto- 
stome is located slightly anterior to the dorsal mid-body region, near 
the oral margin. The anterior field is ventrad. The peristome is un- 
marked by specialized cilia, although there are indications of cilia lining 
the buccal cavity. The ovoid macronucleus, located near the middle 
of the body, averages 30 K 25 in size and is accompanied by a single 
micronucleus. The large food vacuoles, which fill the posterior region, 
contain bacteria and bits of algz. 

Host: Strongylocentrotus drébachiensis from the Bay of Fundy. 
The infestation seems universal, varying in degree from one individual 
to another. 

Genus ENTODISCUS Madsen, 1931 


Entodiscus borealis (Hentschel, 1924) 
(Pilate eine) 


Synonymy: Cryptochilum boreale Hentschel, 1924. 
Entodiscus borealis Madsen, 1931. 

Diagnosis: Average length 143 (105-170), average width 87 (60- 
115)p. . The thickness varies from 25-50. Body is flattened, disc- 
shaped, narrowing anteriorly, appearing pyriform when seen broadside. 
The ventral surface is concave while the dorsal surface is slightly con- 
vex. The anterior end is thin, narrow, and blunt, with a bald area or 
anterior field extending over a part of its surface. Posteriorly, the 
body is broad and rounded, possessing a caudal projection armed with 
a fine bristle from 15 to 20 in length. The body cilia are from 6 to 
8 » long and are densely arranged in parallel rows running antero-pos- 
teriorly. There are about 36 rows of cilia on the ventral surface and 
about 26 rows on the dorsal surface. The cytostome is located in the 
anterior region near the right lateral (oral) margin of the dorsal sur- 
face. The entrance to the buccal cavity is guarded by a pair of labial 
membranes which are opened only during feeding. From the roof of 
the buccal cavity there hang a group of cilia from 15 to 20 in length. 
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The cytostome is further marked by the presence of a supporting rod 
or “ stomato-style’ which is imbedded in its upper peristomal border. 
The macronucleus is ovoid, about 28 K 22, and is accompanied by a 
single micronucleus. The macronucleus appears to rest upon a “ nest” 
of food vacuoles which crowd into the region just posterior to it. The 
food vacuoles seem to contain bacteria, or mucosal cells from the in- 
testinal lining. A simple contractile vacuole, often associated with 
numerous accessory vacuoles, is found posteriorly. 

Conjugation was not observed, although a number of individuals 
showed evidence of nuclear reorganization and a few individuals were 
found undergoing fission. 

Hosts: In’ Strongylocentrotus drébachiensis from the Bay of 
Fundy, Entodiscus borealis occurs in great abundance, while in Echinus 
esculentus from the North Sea, the infestation is very slight, occurring 
in only about 5-15 per cent of the animals examined from the northern 
waters as reported by Hentschel (1924). It is possible that E. borealis 
is normally associated with S. drébachiensis but is able to infest E. 
esculentus when the two species of sea urchins inhabit the same locality. 

Remarks: This species has many features in common with the 
genus Entorhipidium Lynch; it lacks, however, a definite frontal lobe, 
and trichocysts; and its cytostomal structures seem to be much more 
highly developed. 

Entodiscus indomitus Madsen, 1931 


(late ey ise 33) 


Diagnosis: Average length 85 (69-120), average width 21 (14- 
40)u. The body is greatly elongated with the area anterior to the mid- 
body region greatly flattened, blade-like, and extremely flexible. The an- 
terior edge is thin, broad, and transparent, while the posterior region 
ends in a tip bearing a bristle about 164 long. The cytostome 1s lo- 
cated in a small lateral depression at a distance of about one-third of the 
body length from the anterior end. Out of the cytostome hang two 
groups of long cilia, an upper and a lower, which seem to be inserted in 
the back wall of the buccal chamber. A small pharynx leads from the 
floor of the buccal chamber to the interior endoplasm. ‘The posterior 
region of the body contains, as a rule, few food vacuoles. A simple 
contractile vacuole is found, often associated with accessory vacuoles, in 
the extreme posterior region. The macronucleus is median in position 
and is always accompanied by a single micronucleus. The body cilia 
are not particularly dense and are arranged in about 21 parallel rows. 

Host: Strongylocentrotus drébachiensis from the Bay of Fundy. 
This species occurs in great abundance but because of its thin body it 
may be overlooked, for seen edgewise, it is almost invisible. 


114 PHILIP B. A. POWERS 


Remarks: This species undoubtedly has as much in common with 
the genus Cryptochilidium as it has with Entodiscus. However, until 
a detailed morphological study of all the related forms has been com- 
pleted, the writer will leave this species in the genus to which it was 
first assigned. 

Genus COLPIDIUM Stein, 1860 


Colpidium echini Russo, 1914 
(Plate his] 6;) 


Diagnosis: Average length 55 (37-64), average width 25 (21- 
28). The body is cylindrical with both anterior and posterior ends 
rounded. ‘The cilia are arranged in about 24 rows parallel to the longi- 
tudinal axis. The cytostome is obscure, being located in the anterior 
third of the body as a long narrow groove parallel to the ciliary rows. 
The right peristomal margin appears to bear a row of long cilia. There 
seems also to be a group of fine cilia about the entrance to the cyto- 
pharynx. A single macronucleus, measuring about 16 * 16 accom- 
panied by a micronucleus is found in the region anterior to the middle, 
usually opposite the cytostome. The micronucleus is usually anterior 
to the macronucleus. The food vacuoles measure about 7» in diam- 


eter and fill the endoplasm of the posterior region. A single contractile _ 


vacuole is found posteriorly. Individuals were observed conjugating 
and, in a number of instances, specimens were found demonstrating a 
type of nuclear reorganization in which the macronucleus had separated 
into 7 or 8 fragments. 

Host: Strongylocentrotus lividus from the Bay of Naples. Found, 
though never abundant, in all specimens of host examined. 


Genus URONEMA Dujardin, 1874 
Uronema socialis n. sp. 
CP lire IU, ie, 7/5) 


Diagnosis: Average length 53 (46-70), average width 24 (18- 
30). The body is cylindrical in shape and of almost constant diam- 
eter throughout its length. The anterior field is well marked as a promi- 
nent cap on the anterior end devoid of all cilia. The body cilia are 
about 8 long and are arranged in about 14 to 16 rows which run 
parallel to the longitudinal axis. Orderly arranged groups of bacteria 
are found covering the pellicle between the rows of cilia (Plate II, Fig. 
7a). The posterior end is rounded and bears a terminal bristle 15-20 p 
long. The cytostome is located in the anterior third of the body and 


~ sane ign gait, wR, meant NBT AEE: NR re Pee > a 


CILIATES FROM SEA URCHINS, I 


115 
PLatTeE II 


——————— 
hae 


He 


i 
iro 


LLL AF- 


Sop. 


(o) 


Sou 
6. Colpidium echini Russo. 


7. Uronema sociale n. sp., showing general morphology; 7a. showing a portion 
of the pellicle illustrating the appearance of the bacteria which apply themselves to 
its surface. 

8. Entodiscus indomitus Madsen. 

9. Anophrys echini Di Mauro, view showing the cytostomal region. 

10. Anophrys vermtformits n. sp. 

11. Plagiopyla minuta n. sp., dorsal view. 

12. Colpoda fragilis n. sp., dorsal view. 
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occupies a shallow groove, about 4 » wide, whose right border is marked 
by a row of long fine cilia. The cytopharynx is obscure and is located 
at the base of the oral groove. The ovoid macronucleus measures about 
15 < 16, and is usually located in the anterior region just opposite 
the cytostome. A single micronucleus is found often in front of the 
macronucleus. In the middle and posterior regions food vacuoles, about 
6» in diameter and filled with bacteria (?), are usually abundant. A 
simple contractile vacuole is located posteriorly. 

Host: Strongylocentrotus drébachiensis from the Bay of Fundy. 
This species occurs in great abundance and while it will live and repro- 
duce in sea water, it is always found in greatest abundance in the ali- 
mentary tract of its host. The presence of bacteria on the surface, 
while visible only under oil immersion, is the most helpful criterion for 
the identification of this species. These bacteria leave the surface of 
the pellicle upon the death of U. socialis. 


Genus ANOPHRYS Cohn 1866 
Anophrys echim. Di Mauro, 1904 
(Plate i ies 9:) 


Diagnosis: Length 40 to 65, diameter 12 to 14. The body is 
cylindrical and elongated with the posterior end rounded while the an- 
terior is somewhat pointed. The body cilia are short and are arranged 
in longitudinal rows about 2 apart. The cytostome is found at the 
base of a narrow groove which begins along the margin of the anterior 
region and extends posteriorly about one-fourth of the body length. 
The right peristomal border is marked by the presence of a row of cilia © 
which increase in length as they approach the cytostome. Leading from 
the cytostome is a long and well-marked pharynx. The endoplasm in 
the region posterior to the cytostome is filled with food vacuoles meas- 
uring about 7» in diameter. The spherical macronucleus measures 
about 15 in diameter and occupies a median position accompanied by 
a single micronucleus. A simple contractile vacuole:is found in the 
posterior region. No caudal filament was observed. 

Host: Strongylocentrotus lividus from the Bay of Naples. The 
writer found these ciliates very rare among the intestinal contents of S. 
hvidus. 

Anophrys vermiformis n. sp. 
(Elatemiice sicatO)) 


Diagnosis: Average length 85 (68-105), average width 27 (20- 
35). The body is cylindrical with both anterior and posterior ends 
rounded. The anterior region of the body is particularly motile and 
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flexible. The cytostome is found in the anterior region at the base of 
a very shallow and narrow groove. The right peristomal border is 
marked with a row of cilia which are longer than those of the rest of 
the body. A short pharynx leads from the base of the oral groove to 
the interior endoplasm, which is filled posteriorly with food vacuoles. 
A simple contractile vacuole is found posteriorly. The short body cilia 
are very fine and are arranged in rows which are about 2 apart. The 
ovoid macronucleus, measuring about 16 X 10p, is located near the 
middle and is accompanied by a single micronucleus. 

Host: Toxopneustes variegatus from Beaufort, N. C. Occurrence 
is fairly common. 


Genus PLAGIOPYLA Stein, 1860 
Plagiopyla minuta n. sp. 
(Plate: Li Bis. 115) 


Diagnosis: Average length 65 (50-75), average width 40 (36- 
46), average thickness 30. In shape this ciliate is bluntly oval as 
seen from the dorsal or ventral surface. The cytostome is marked by 
a broad transverse groove which extends two-thirds of the distance 
across the ventral surface in the region anterior to the middle of the 
body. The cytopharynx opens from the back of this transverse groove 
and is lined with very short cilia. About the peristome is a wide stri- 
ated band bearing stiff, heavy cilia. The food vacuoles are very large 
and are filled with diatoms and strands of alge. The macronucleus is 
large and amorphous, fitting its bulk in the space about the nearby food 
vacuoles. A single contractile vacuole is found posteriorly. The body 
cilia are fine, measuring about 6 w in length, and arranged in rows which 
are about 1 » apart in the mid-body region. Short trichocysts are em- 
bedded in the ectosarc. The dorsal surface is slightly convex and is 
marked by a striated band about 3 » wide, which has its origin as a bare 
area on the oral margin just anterior to the beginning of the peristomal 
band of cilia. 

Host: Strongylocentrotus droébachiensis from the Bay of Fundy. 
Occurrence in about 10 per cent of hosts examined, never over 12 indi- 
viduals found per host. 


Genus COLPODA O. F. Miiller, 1786 
Colpoda fragilis n. sp. 
(Plate sy Bigs i2>) 


Diagnosis: Average length 33 (23-40)p, average width 18 (16- 
23)p. Body is much flattened and ovoid. The cytostome is located 


118 PHILIP B. A. POWERS 


in a small lateral cleft anterior to the middle. Accompanied by a single 
micronucleus, the macronucleus measures about 10, in diameter and 
is located slightly anterior to the middle. The body cilia are very short 
and are arranged in rows about 1.5 apart. The endoplasm is usually 
crowded with food vacuoles and a single contractile vacuole is found 
posteriorly. 

Host: Toxopneustes variegatus from Beaufort, N. C. Infestation 
is abundant when present. 

Remarks: Since this species is very sensitive to changes in its en- 
vironment, observations on the living specimens offered difficulties. 


UNDETERMINED SPECIES 


There remain two species of ciliates associated with S. drébachiensis, 
from the Bay of Fundy, whose characteristics could not be determined 
with sufficient accuracy to permit their identification. One is a member 
of the genus Euplotes and measures about 60 X 35 »; the other, a mem- 
ber of the genus Trichodina, measures about 50 x 30. These two 
ciliates are found in the alimentary canal of S. drébachiensis, on its 
exterior and also in the nearby seaweed. Never more than 10 to 15 
specimens of either species have been found per host. 


DISCUSSION 


In regard to the taxonomy of these ciliates, there are at least two 
alternatives: either one may, by examining cross sections and making 
a critical study of the cytostomal region, find enough evidence to justify 
the creation of new genera for several of these superficially similar 
forms (Plate I, Figs. 1-5), or one may, by a study of the gross micro- 
scopic anatomy, group these species, within broad limits, under exist- 
ing genera. This latter course the writer has chosen for the present, 
for it will be some time before the detailed morphology of all the forms 
herein described will be sufficiently known to form the basis of a criti- 
cal judgment. 

In considering these forms which are associated with sea urchins, 
one sees roughly two groups of ciliates involved. The first group con- 
sists of the species which the writer has referred to the genera Crypto- 
chilidium and Entodiscus. These forms are all elongate, with the region 
anterior to the cytostome exceedingly attenuate and somewhat like a 
proboscis. The cytostome is either lateral or nearly so and may possess 
a peristomal margin of specialized cilia. The buccal chamber is often 
equipped with a pair of membranes and may contain groups of differen- 
tiated cilia. The posterior end bears a caudal tip armed with one or 
more bristles. The body cilia are usually densely arranged in rows 
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running antero-posteriorly, there being a greater number of striations 
on the side which is most often in contact with the substratum and hence 
is termed the physiologically ventral surface. The anterior field is 
usually found along the anterior margin of this ventral surface. While 
members of these species will exist for varying lengths of time in sea 
water of the proper concentration, they nevertheless seem to prefer the 
environment of the intestinal ceca of their host for active growth and 
reproduction, and may, therefore, be thought of as being endozoic. 
The other group consists of the forms referred to the genera Uronema, 
Colpidium, Colpoda, Plagiopyla, Euplotes, and Trichodina. These 
forms are diverse and have many free-living relatives and may be pres- 
ent among the intestinal content of the sea urchin as chance or vagrant 
ciliates, which, after being engulfed with food, are able to survive in 
the enteric canal, playing the role of scavengers or commensals. One 
might well argue that this latter group of ciliates, being composed pos- 
sibly of mere accidental associates, is to be disregarded; however, 
among all of the possible marine ciliates which might thus be acci- 
dentally introduced into the alimentary canal of a sea urchin, it seems 
significant that these forms described are the only species observed as 
being involved in this association. Furthermore, it is also of interest 
to note that of all the members of the Genus Arbacia examined, none 
was found harboring intestinal ciliates, although some species of Ar- 
bacia are often found in or near localities inhabited by species of 
Strongylocentrotus in which ciliate infestations were found to be uni- 
versal. 

As to the role of the first group: they may be considered as com- 
mensals with possible pathogenic tendencies. In studying Cryptochili- 
dium echint (Maupas) from sectioned material, the writer has observed 
areas of intestinal mucosa which have been partly penetrated by the 
ciliates; and from studying Entodiscus borealis (Hentschel), there is 
some slight reason to believe that bits of intestinal mucosa are engulfed 
by this protozoan, for bodies which closely resemble the nuclei of the 
cells lining the intestine are often found in the food vacuoles. 

The writer now hopes to obtain data on the manner of infestation 
and of the environmental factors present which allow some of these 
members of the infestation to be apparently free-living and only occa- 
sionally or accidentally associated with their host, while other ciliates 
of the group seem definitely endo-parasitic. It might also be of interest 
to discover the factors which bring about such an abundant infestation 
among the members of the genus Strongylocentrotus, while members of 
the genus Arbacia seem devoid of all such ciliate relationships. 
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SUMMARY 


1. Seven species of ciliates are described infesting Strongylocentro- 
tus drobachiensis collected from the Bay of Fundy. This infestation 
is usually heavy and appears to be universal. 

These ciliates are: 

Entodiscus borealis (Hentschel) 
rs indomitus Madsen 

Cryptochilidium gracile n. sp. 

Uronema sociale n. sp. 

Plagiopyla mimuta n. sp. 

Euplotes sp. ? 

Trichodina sp. ? 

2. Four species of ciliates are described from the intestine of Toxop- 
neustes variegatus, collected near Beaufort, N. C. 

These ciliates are: 

Cryptochilidium bermudense (Biggar) 
os echinometris (Biggar ) 

Anophrys vermiformis n. sp. 

Colpoda fragilis n. sp. 

3. Three species of ciliates are figured from the intestine of Strongy- 
locentrotus lividus, taken from the Bay of Naples. 

These ciliates are: 

Cryptochilidium echini (Maupas) 
Anophrys echini Di Mauro 
Colpidium echini Russo 

4. The relationship of these ciliates with their host is a rather loose 
one, for the ciliates in question are able to exist for some time in sea 
water and transmission seems to be orally. The youngest sea urchins 
examined were lightly infected. There is some evidence to point to a 
pathogenic role on the part of some of the members of the genera Cryp- 
tochilidium and Entodiscus. 
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II. ENTopIscUS BOREALIS (HENTSCHEL), (PRoTOzoA, CILIATA), 
BEHAVIOR AND MorPHOLOGY A 


PHILIP B. A. POWERS 
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INTRODUCTION 


The ciliate Entodiscus borealis (Hentschel) is one of five species of 
ciliates found infesting the alimentary tract of Strongylocentrotus 
drobachiensis (O. F. Muller) taken from the Bay of Fundy. In an 
effort to find a key to the taxonomic characteristics of these species, 
some of which are undoubtedly closely related, this ciliate was selected 
for intensive study because of its large size and apparent sim- 
plicity. Sectioned specimens of E. borealis revealed many interesting 
structural details which are reported in this account of its behavior and 
morphology. 

The material used in this study was collected, in the manner de- 
scribed in the preceding paper, from sea urchins taken off Gaspé, 
Quebec; Mt. Desert Island, and Portland, Maine. 

The writer wishes to acknowledge his indebtedness to Dr. D. H. 
Wenrich through whose helpful guidance and criticism this study was 
made possible. The writer is also indebted to W. W. Simonton of the 
Portland High School, who was able to send live sea urchins to Phila- 
delphia where a complete check was made on all the points herein dis- 
cussed. 


Genus ENTODISCUS Madsen 1931 


The generic name Entodiscus was selected by Madsen to apply to 
the two flattened holotrichous ciliates which he found inhabiting the 
intestine of Strongylocentrotus drobachiensis common to the region 
about Frederikshavn, Denmark. The larger of these two forms appeared 
to be identical with a ciliate which had already been described under the 
name of Cryptochilum boreale by Hentschel (1924), who pointed out 
at the time, that further study might justify the creation of a new 
genus to receive this species. 

The writer has examined some of Mr. Hentschel’s preparations and 
feels that the form described in this paper is the same as that species 
found by him in Echinus esculentus from the Shetland Islands; Millport, 
and Aberdeen, Scotland. 
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Enrtopiscus BorEALiIs (HENTSCHEL) 


Observations on Living Material 


E. borealis (Fig. 1) is found in great abundance among the liquid 
contents and food pellets of the sagging loops of the intestinal tract of 
Strongylocentrotus drébachiensis. Many individuals are found fastened 
to the walls and in the folds of the intestinal mucosa, while still more 
are found swimming about in the intestinal fluids which often take on 
a milky appearance, due to the abundance of ciliates. 

E. borealis is very conspicuous due to its large size and the presence 
of many food vacuoles in its posterior region, which give that region a 
translucent character. The body shape varies from extremely elongate 
to oval. In general, the body as seen broadside is pyriform, being 
greatly flattened as a disc with the dorsal surface slightly arched, while 
the ventral surface is concave. The anterior region is very thin and 
narrow, somewhat like a proboscis. The body becomes thicker pos- 
teriorly, terminating in a small caudal tip which bears a. bristle about 
154 long. The macronucleus consists of a large, homogeneous, egg- 
shaped mass lying slightly above the middle of the body, seeming to 
rest in a nest of food vacuoles. The region anterior to the macronu- 
cleus is clear and transparent. A large contractile vacuole is found in 
the posterior region. In one individual whose contractile vacuole was 
observed during systole, the external vent was seen near the base of 
the caudal projection. The cytostome is found in a depression near the 
right anterior margin of the dorsal surface. In living animals, the de- 
tails of the cytostomal area are obscure; however, in animals which have 
just died, a number of structures are visible which will be discussed 
under observations on fixed material. 

The body cilia are about 7» in length, arranged in parallel rows 
running antero-posteriorly. Because the anterior region of the body is 
extremely thin and rather narrow, the ciliary rows here are very close 
together, causing the ciliary movement, which is definitely metachronous, 
to have the appearance of a series of undulating membranes on the 
antero-ventral surface. When swimming, these animals rotate on their 
long axes, moving with steady progress; on the substratum, they move 
about on their ventral surfaces, often maintaining sufficient suction to 
defy removal with a pipette. As death ensues, the cilia in the anterior 
region are the first to cease movement, this cessation of movement pro- 
ceeding posteriorly until all motion is suspended. 

When placed in sea water, these animals will appear normal and 
will live for various lengths of time, depending upon the temperature 
and the concentration of the sea water. The writer has kept individuals 
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of E. borealis in hanging drop cultures at 7° C., for periods varying 
from 15 to 23 days. In these hanging drop cultures, there was no re- 
productive activity, animals seeming merely to exist. After about the 
second week in a hanging drop, specimens would begin to show a mori- 
bund condition, due largely to failure of the contractile vacuole to empty 
itself. 

Because of the ability of this ciliate to maintain itself for various 
lengths of time outside the body of its host, and furthermore, because 
this infestation was found to be universal in all specimens of S. 
drobachiensis examined, even in young sea urchins from 2 to 4 em. in 
diameter; it seems likely that the infestation is contracted, orally, 
through the feeding habits of the developing echinoid. When the liquid 
passed out of the anus with the fecal pellets is examined, one often finds 
a number of E. borealis, suggesting that the infestation is perpetuated 
by the passage of these ciliates from the alimentary tract of one sea 
urchin to that of another, withcut any intervening cystic stages. 

Of all the living specimens examined, only three ciliates were ob- 
served reproducing by fission, although many individuals were observed 
with their macronucleus separated into two or more parts, suggesting 
stages in which the macronucleus was undergoing reorganization. 


Observations on Fixed Material 


Measurements of fifty individuals gave the following dimensions : 
average length 143 (105-170)u, average width 87 (60-115); the 
thickness of the posterior region varied from 25—50n. 

When animals are killed with fumes of iodine or osmic acid, the 
cilia stand out at right angles to the pellicle and may easily be measured. 
The cilia vary in length from 7 to lly, and are arranged in about 70 


EXPLANATIONS OF FIGURES 1 AND 2 


1. Entodiscus borealis (Hentschel). Dorsal view. 

2. Camera lucida drawings from cross-sections of E. borealis. 

A. View of anterior field showing the crowding together of the ciliary rows 
on the ventral surface. 

B. A section passing through the anterior region. Note the basal granules 
of the oral cilia (bas. gra’). 

C. Section through the anterior region of the buccal cavity. 

D. Section showing the ventral pellicle of the mid-body region. 

E. Showing dorsal pellicle of mid-body region. 

F. Portion of pellicle from mid-ventral region. Note delicate longitudinal 
pellicular fibers running parallel to the rows of basal granules. 

ant. fib., anterior fibril of the neuromotor system; amt. field, anterior field; ant. 
peri., anterior peristome; bas. gra., basal granules; buc. cav., buccal cavity; cil. 
root., ciliary rootlets; dor. sur., dorsal surface; li. cyt., lips of cytostome; Jon. 
pell., longitudinal pellicular thickening; stom., stomatostyle; ven. swr., ventral sur- 
face. ; 
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longitudinal rows, each of which lies in a shallow groove, forming a 
distinct pattern which can readily be seen in the living animals. These 
rows are much closer together on the ventral surface than they are on 
the dorsum; there being about 36 rows ventrally and some 24 dorsally. 
The origin of the ciliary rows is from a bare region on the anterior 
margin (Fig. 2, A, ant. field). This anterior field seems in part com- 
parable to that described for Entorhipidium echim by Lynch (1929). 
In sections of specimens fixed in Champy’s, the pellicle of this anterior 
field is shown to be denser than that of the body surface (Fig. 3, 4). 

The pellicle of the ventral surface is about twice as thick as that of 
the dorsal surface, and is highly differentiated in its anterior region due 
to the conspicuous longitudinal pellicular fibrils accompanying each 
ciliary row (Fig. 2, B, lon. pell.). These fibrils, which in the posterior 
region are very delicate (Fig. 2, f), are here very heavy and seem to 
be either of the nature of a structural “exoskeleton,” to protect this 
region which is most often in contact with the substratum; or they may 
be of a contractile nature serving as myonemes, explaining in part the 
mechanism which gives the anterior body region its mobility and allows 
the creation of the force by which these animals are enabled to hold 
fast to any smooth surface. 


’ EXPLANATIONS OF FIGURES 3 AND 5 


3. Camera lucida drawings of longitudinal sections through cytostomal region 
showing structures visible after fixation in osmic acid mixtures: 

A. Fixed in Champy-Kull. Note the numerous fat droplets. 

B. Fixed in Flemming’s without acetic (F. W. A.). Note the arrangement 
of secretory (?) vesicles in the anterior region. 

ant. field, anterior field; buc. cav., buccal cavity; cil. root, ciliary rootlet; fie 
or. cil., field of oral cilia; fa. bo., fat bodies or droplets; li. cyt., lips of cytostome; 
mac., macronucleus ; or. cil., oral cilia; phar., pharynx; sec. gra., secretory granules; 
stom., stomatostyle ; ves., secretory vesicles. 

5. Details of neuromotor system of E. borealis. 

A. Cytostomal area as seen through the ventral surface. 

B. Camera lucida drawing of cytostome viewed en face showing lips fully 
separated. 

C. A complete reconstruction of the neuromotor system as viewed from the 
dorsal surface. 

D. View showing cytostome only partly open. 

E. and F. Portions of the ventral ectoplasm showing the method by which the 
body cilia are associated with the fibrils of the neuromotor system. 

ant. sec. reg., anterior secretory region; bas. gra., basal granules; cil., cilia; 
cil. root., ciliary rootlet; con. vac., contractile vacuole; dor. ad. fib., dorsal adoral 
fiber; fd. vac. A and A’, food vacuoles; fib. cen., fibrillar center; fib. n. m. a@., 
fibril of the neuromotor apparatus; Je. mar. fib., left marginal fiber; Ji. cyt., lips of 
cytostome ; mac., macronucleus ; mic., micronucleus; phar. fib., pharyngeal fiber ; pos. 
fib., posterior fiber; pos. fib. cen., posterior fibrillar center; ri. mar. fib., right mar- 
ginal fiber; stom., stomatostyle; tra. com. fib., transverse commissural fibril. 
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Just beneath the pellicle along the ciliary rows are the basal granules. 
These are integrated by means of delicate transverse fibrils (Fig. 5, E 
and F, tra. com. fib.), forming a network which is interpreted as a part 
of the neuromotor system to be discussed later. 

The cilia of the ventral surface, particularly of the anterior region, 
have long ciliary rootlets which penetrate into the endoplasm for about 
6-124 (Fig. 2, B, cil. root.). These are very dense in the anterior 
region and often stain deeply. 

No trichocysts were found in the whole mounts or in the sectioned 
material. 

The anterior region is thin, somewhat like a blunt proboscis, with a 
C-shaped cytostomal groove formed by the downward curve of the 
right dorsal margin as a slight frontal lobe; making the cytostome 
partly on the dorsal surface rather than the edge (Figs. 1 and 5, B 
ayn! ID))). 

Viewed en face, the cytostome, as it appears in the sectioned mate- 
rial, lies in a depression formed by the overhanging frontal lobe. The 
peristome is formed, in part, by the right margin of this frontal lobe, 
whose inner surface is the right wall of the buccal cavity. The cilia 
about this peristomal ridge are from 6—12y in length and are not much 
heavier than the body cilia (Fig. 5, D). The buccal cavity is guarded 
by two membranous lips (Fig. 5, B and C, lh. cyt.), which open by 
separating longitudinally. These lips seem to open along their entire 
length only during such times as the animal is feeding, being closed or 
partly so the rest of the time. The lips of the cytostome appear. to be 
formed by a continuation of the delicate membrane lining the buccal 
cavity. There is found in the roof of the oral depression, just back of 
the lips of the cytostome where the depression is greatest, an area or 
field composed of long cilia (Fig. 3, or. cil.). These oral cilia measure 
from 15 to 20u in length, extending the entire length of the cytostomal 
region. Judging from the number of basal granules found in this region 
(Fig. 2, B, bas. gra’), some 75 to 100 of these long cilia are inserted in 
the thickened portion of the membrane (Fig. 3, fie. or cil.) which lines 
the roof of the buccal cavity. 

Embedded in the border of the right peristome is a curved support- 
ing rod whose anterior end is forked, and whose slender posterior end 
terminates among a group of rods which encircle the anterior portion 
of the pharynx (Fig. 5, stom.). This rod appears to form a support 
for the right wall of the buccal cavity and will be discussed later as a 
part of the fibrillar system. Because of its obvious nature as a struc- 
tural element associated with the cytostome, it has been designated the 
stomatostyle. 
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The pharynx appears to be a definite structure passing downward 
from the floor of the buccal cavity to disappear near the posterior border 
of the macronucleus (Fig. 3, phar.). 

The cytoplasm surrounding the buccal cavity shows two areas which 
at times are found to be filled with granules suggesting regions asso- 
ciated with the secretion of digestive enzymes. The anterior secretory 
region (Fig. 5, B, ant. sec. reg.) is found just above the thickened 
pellicle which bears the field of oral cilia. This structure has always 
been found well defined, as though inclosed by a thin membrane. The 
larger region of secretory granules is found concentrated near the fibril- 
lar center extending downward along the pharynx (Fig. 3, B, sec. gran.). 

In the endoplasm are found a number of interesting structures whose 
demonstration depends largely upon the nature of the fixative used. 
With the use of Schaudinn’s or Bouin’s fixative the neuromotor ap- 
paratus, nuclear structures, and food vacuoles filling the posterior region 
are preserved. With the use of osmic acid in the various modifications 
of F. W. A. (Flemming’s without acetic acid) or Champy-Kull tech- 
nique, there are demonstrated an entirely different set of structures con- 
sisting of the secretory regions, fat droplets, and other structures. of a 
lipoidal nature. 

The food vacuoles which usually fill the posterior region of the body, 
and which are clearly visible in the living organism, appear in sectioned 
material (fixed in Bouin’s) to be of two types: type A, those which 
stain vigorously like nuclear material, and represent newly formed food 
vacuoles in which the process of assimilation has just begun; and type 
A’, vacuoles which stain faintly, usually with a basic dye, and represent 
the old food vacuoles whose contents have been assimilated (Fig. 5, C, 
fd. vac. A and A’). The food vacuoles of dividing individuals are 
small and homogeneous, showing that their contents have been assimi- 
lated. 

The contents of the food vacuoles are rather difficult to identify. 
In some cases they appear filled with rod-like bodies which resemble 
bacteria; and in other vacuoles one can see objects which look very 
much like the nuclei from the intestinal mucosa cells of the host. No 
algz or diatoms have been observed in any of the food vacuoles. 

Other than food vacuoles, the endoplasm contains large quantities 
of fat stored as droplets. These are beautifully demonstrated with the 
use of Sudan IIJ. The fat droplets are found most abundant in the 
region anterior to the food vacuoles and surrounding the macronucleus 
(Fig. 3, A, ft. bo.). Osmic acid is of value in the demonstration of these 
fat droplets ; however, it preserves all of the other structures of a lipoidal 
nature and is, therefore, not so specific as Sudan III. 
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Another structural feature of specimens fixed in F. W. A. is the 
appearance in the anterior region of a series of vesicular structures 
(Fig. 3, B, ves.) which appear to empty, by means of slender ducts 
through the pellicle, to the exterior. These vesicles vary in size de- 
pending upon their distention. Two or more are often found united 
to the same duct. They appear to be associated more with the ventral 
than the dorsal surface. Their contents are of a homogeneous nature and 
from their, reaction with osmic acid suggest a dilute lipoidal secretion. 
Although traces of them have been found in sections of individuals 
treated with fixatives other than F. W. A.; all attempts at their demon- 
stration in the living ciliate have been unsuccessful. 

The macronucleus is large, measuring on the average about 28 < 22 
and varying from ovoid to ellipsoid in shape with its long axis at right 
angles to the longitudinal axis of the animal. In sectioned material, the 
macronucleus shows a number of deeply-staining spherical bodies of 
various sizes embedded in its less dense matrix (Fig. 5, C, mac.). 
These deeply staining bodies fail in some cases to stain after the Feulgen 
reaction, in which case the matrix is lightly colored and contains areas 
showing the places occupied by the bodies which are deeply stained 
when treated with iron-hematoxylin. 
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4. Macronucleus of E. borealis in various stages of reorganization. A to F, 
macronucleus in one to seven parts respectively. 


The micronucleus is always single, vesiculate (Fig. 5, C, mic.) and 
usually spherical, measuring about 5u in diameter; and has always been 
observed to lie above the macronucleus, never imbedded in it. 

A study of about 600 specimens fixed during the day gave but three 
individuals showing any signs of fission. Division was found to take 
place as described by Hentschel (1924). A number of individuals ex- 
hibited stages in a process of macronuclear reorganization in which the 
original macronucleus had divided into as many as seven parts, all 
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arranged in an orderly fashion (Fig. 4, 4d to F). In all cases the micro- 
nucleus appeared in a normal resting stage. In some 5700 individuals 
examined, 5538 contained a normal resting macronucleus (Fig. 4, A) ; 
103 contained 2 macronuclei (Fig. 4, B); 34 contained 3 macronuclei 
(Fig. 4, C); 21 contained 4 macronuclei (Fig. 4, D); 1 contained 6 
macronuclei (Fig. 4, E) ; and 3 showed 7 macronuclei (Fig. 4, F). In 
every instance, the volume of the macronuclei in each individual, irrespec- 
tive of number, seems to approximate that of a resting macronucleus. 


FIBRILLAR SYSTEM 


Throughout sections of material fixed in Schaudinn’s or Bouin’s, 
there are found traces of a delicate and persistent system of intercom- 
municating fibers and fibrils. In reconstructing this system as a whole 
and in its present description, it has been considered as a neuromotor 
system. This system in FE. boreale consists of three distinct groups of 
fibers and associated structures: (1) the stomatostyle with its dorsal 
and ventral anterior horns and their adoral fibers, the labial fibers, the 
pharyngeal fiber, and the circumpharyngeal rods; (2) the fibrillar cen- 
ter or motorium with its anterior, posterior, and marginal strands; and 
the posterior fibrillar center with its associated strands; and (3) the 
transverse commissural network integrating the cilia. 

(1) Within the dorsal margin of the peristome, there is imbedded 
a curved bar, forked at its anterior end, for which the writer proposes 
the name stomatostyle (Fig. 5, C, stom.), because of its obvious nature 
as a support for the dorsal wall of the buccal cavity. The fork at the 
anterior end is composed of a dorsal horn which sends a strand of 
adoral fibers about the antero-dextral border and a ventral horn with 
fibers running to the basal granules of the oral cilia (Fig. 2, B, bas. 
gra’ ) as well as to the antero-ventral region. A branch also comes from 
the base of the ventral horn to become the main fiber of the pharyngeal 
area (Fig. 5, C, phar. fib.). From the manner in which the stomatostyle 
fragments when. injured during sectioning, it appears to consist of a 
viscous semi-solid enclosed by a membrane. From its position and 
structure it seems to have a definite function as a supporting bar, or rod, 
for the frontal lobe which overhangs the buccal cavity. Its posterior 
end terminates near the pharynx (Fig. 5, B). Circumscribing the 
anterior end of the pharynx, there is a set of at least three heavy fibers 
or rods which are associated with both the labial membranes of the 
cytostome, and the posterior region of the stomatostyle (Fig. 5, B and 
D). Besides the principal pharyngeal fiber which extends posteriorly 
to lose itself in the region about the contractile vacuole, there are also 
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a number of accessory fibrils found in the anterior region of the pharynx 
(Fig. 5, B, phar. fib.). About the lips of the cytostome are found fibers 
which appear to have a connection with the ventral horn as well as the 
circumpharyngeal fibers. 

Ventrad to the midregion of the stomatostyle is found (2) a fibrillar 
center or motorium (Fig. 5, C, fib. cen.) ; a clump of darkly staining 


granules which is a common junction for fibers and fibrils from all: 


parts of the organism. From this center, delicate fibers pass in abund- 
ance to the anterior region, which, with its ciliary rootlets, presents a 
very complex appearance. Likewise, fibers are sent to the stomatostyle, 
as well as to the walls of the buccal cavity. Clearly defined strands of 
fibers run to both the right and left margins (Fig. 5 C, rt. and le. mar. 
fib.) as well as a large loose strand which passes posteriorly to the poster- 
ior fibrillar center (Fig. 5, C, pos. fib. cen.). The posterior fibrillar cen- 
ter in turn acts as a distributing point for fibers leading to all parts of the 
posterior, region. The appearance of this structure (pos. fib. cen.) 
varies from individual to individual. In some specimens it is similar 
to that which has been figured; and in other cases it appears to be com- 
posed of a knot of interlocking fibers. The only reason, other than 
its morphological aspect, to suppose it to be a part of the neuromotor 
system is suggested by the behavior of this animal when in contact with 
unfavorable conditions. It has been repeatedly observed that whenever 
a specimen of FE. borealis swims head-on into a toxic solution the anterior 
body region appears to be paralyzed and while in this condition the 
animal will back away from the unfavorable medium, wheel about, and 
move to a more suitable environment, solely through the use of the cilia 
of the posterior body region, suggesting that the posterior fibrillar center 
may be an auxiliary motor control center for the posterior body region. 

The distal ends of most of the fibers described above terminate in 
fibrils which are closely associated with (3) the transverse commissural 
fibers found at the base of the ectoplasm and form a network intercon- 
necting all of the basal granules (Fig. 5, E and F). 

The fibers in general show a high degree of contractility as well as 
elasticity. One often finds in a single fiber regions of irregular diameter, 
suggesting a partial contraction of the fiber. There is no evidence at 
present to credit these fibers with functions as myonemes. All observa- 
tions seem to point to their great elasticity as a device to accommodate 
the movement of a very flexible body as it progresses through a medium 
filled with the debris common to a sea urchin’s intestinal tract. Thus, 
the posterior fiber is usually found in a very loose condition with its 
fiber greatly looped or loosely coiled as though it were capable of great 
flexibility to accommodate the body movements of the organism. 
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The neuromotor system, then, consists of three principal groups of 
structures: (1) the stomatostyle with its associated fibers connecting 
all parts of the cytostomal area and doubtless the controlling mechanism 
of the ingestatory apparatus; (2) the anterior and posterior fibrillar 
centers with their associated fibers leading to all parts of the cytostome 
and pellicle, of which, because of its greater complexity, the anterior 
fibrillar center seems more nearly to approach the nature of a coordi- 
nating center or motorium than any other structure in the body of the 
animal; and (3) the pellicular system of commissural fibers which con- 
nect the basal granules and coordinate the ciliary movements. 


Discussion 


One receives the impression, from a study of its internal morphology, 
that E. borealis is a rather highly specialized ciliate ; an impression some- 
what incongruous. to that gained from observing the living animal. 
Perhaps the most striking feature of its morphology is the region about 
the cytostome as well as that structure itself. The external features of 
the mouth are finely constructed of ectoplasm which appears unspecial- 
ized and of such a nature as to presuppose feeding habits requiring food 
of a soft or liquid nature. That is to say, by structural components 
alone the nature of the food of this ciliate appears limited. When one 
examines the food vacuoles which so abundantly fill the posterior body 
region, one can find in them only material suggesting bacteria or bodies 
somewhat like the nuclei from the cells of the intestinal mucosa. Know- 
ing that this animal has a habit of fastening itself ventrally to the sur- 
face of the intestinal mucosa, and trying further to give some function 
to the secretory vesicles of the anterior region; one is inclined to the 
consideration of this ciliate as being definitely parasitic and using its 
anterior vesicles as an agent in the secretion of cytolytic enzymes, thus 
enabling it to attack the intestinal mucosa of its host. 

Closely associated with the cytostome are a number of fibers and 
rods, obviously of a supporting nature, 1.e., the stomatostyle, the fibers 
of the labial membranes, and the rods about the anterior pharyngeal 
region. These structures are usually found in a taut condition and 
seem to be of a more definitely supporting nature than do the fibers 
associated with the rest of the endoplasm. These latter are very deli- 
cate, orderly, and are usually found in a loosely coiled or attenuated 
condition suggesting a function as conducting fibers or neuroids. These 
neuroidal fibers radiate from two interconnecting centers, the more com- 
plex being in the anterior region while the simpler is found in the pos- 
terior region, above the contractile vacuole. It must be borne in mind 
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that these interpretations of the writer are based solely on the morpho- 
logical evidence and remain to be proved through actual experimental 
studies. 

Many of the European workers are of the opinion that the trans- 
verse commissural fibers alone are sufficient for the control of the body 
movements and locomotion among the ciliates (Reichenow, 1927) ; and 
that any other fibrillar structures are of a supporting nature. On the 
other hand, most of the workers in America feel that the internal fibrillar 
system is an integral structure associated with all neuromotor activities. 
The only experimental evidence with which the writer is familiar, con- 
cerning either view, and confirming the latter, is based upon the observa- 
tions of Taylor (1920), who was able, by means of micro-dissection 
methods, to present definite experimental data on the function of the 
neuromotor apparatus in Euplotes. As yet, one (Ten Kate, 1927) does 
not seem justified in making generalizations to cover all of the observa- 
tions now on record for the fibrillar systems of ciliates. The diversity 
of the structures described leads one to the feeling that perhaps more 
than one system of structures has been described in some cases, and that 
in others, there may be some important features which, due to the tech- 
nical difficulties involved, have been overlooked. It would seem that 
the workers on the Continent have been drawing their conclusions from 
something quite different from that used as a basis of thinking in 
America. 

The view that the fibrillar system is merely structural is based 
principally on the observations made upon various members of the genus 
Balantidium (Bezzenberger, 1904; Ten Kate, 1927; and Ray, 1932). 
This is a notable piece of work for it gives us a rather complete picture 
of the close relationship among the various species of this genus as 
portrayed by their fibrillar structures, which in many cases are 
homologous. The interpretation of the fibers in the anterior region of 
Balantidium as being of a supporting or structural nature seems en- 
tirely logical. However, this generalization concerning the fibrillar 
system of Balantidium cannot well be applied to all other ciliates, some 
of which have been shown to be so vastly different morphologically. 

It is not inconceivable that a structure such as the stomatostyle of 
E. borealis may possess all three properties ascribed for various fibrillar 
elements; besides being supportive, it may also be contractile as well as 
conductile; and likewise, other fibrillar elements may have more than 
one function. In considering these structures under discussion, one 
must keep ever in mind the difficulties involved in making observations 
on these delicate organelles, for their demonstration is dependent upon 
carefully controlled technique in both fixation and staining. It would 
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seem that, provided the technique for micro-dissection could be suf- 
ficiently refined, E. borealis would offer exceptional material for the 
study of the fibrillar system. This species is obtainable in great abund- 
ance at any time of the year and will live in cool sea water of the proper 
concentration for several weeks. 


SUMMARY 


1. Entodiscus borealis (Hentschel), a ciliate infesting the alimentary 
tract of Strongylocentrotus drobachtensis, when studied intensively, re- 
veals a number of interesting manners of behavior as well as a series of 
complicated structures in connection with the cytostome and the fibril- 
lar system. 

2. The buccal cavity, guarded by a pair of membranous lips, has 
hanging from its roof a group of very long cilia. Embedded in the 
margin along its right wall is found a supporting rod for which the 
name stomatostyle is proposed. 

3. Coordinating this stomatostyle as well as other parts of the body 
are two intricate sets of fibers arranged about two interconnecting cen- 
ters: the anterior fibrillar center, and the posterior fibrillar center. These 
fibrillar structures, along with the transverse commissural fibers, found 
just beneath the pellicle, are interpreted as a well-developed neuromotor 
system. hy 

4. After fixation with F. W.-A. numerous vesicles, with outlets 
through the pellicle, are demonstrated in the anterior region. In con- 
sidering the contents of the food vacuoles, these secretory vesicles sug- 
gest themselves as possible agents in producing cytolytic enzymes through 
whose aid the ciliate is able to attack and ingest portions of the in- 
testinal mucosa of its host. In various regions about the cytostome and 
the pharynx there are found groups of secretory (?) granules. 

5. E. borealis will exist for as long as 3 weeks in hanging drop 
cultures in sea water. Reproductive activity seems to occur only in the 
body of its host. The infestation appears to be maintained through 
early oral infection of young sea urchins. 
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(From the Woods Hole Oceanographic Institution and New Jersey Agricultural 
Experiment Station) 


INTRODUCTORY 


Among the various elements which are essential for the growth of 
plant and animal life in the sea and which are present in minimum con- 
centrations, nitrogen occupies a prominent place. Neither the plant 
nor the animal forms are able to use the gaseous nitrogen of the at- 
mosphere, a function now known to be limited chiefly to certain spe- 
cific groups of bacteria, and depend for their growth upon the com- 
bined nitrogen present in the sea; but even this form of nitrogen must 
be in a soluble, mineralized state before it can be assimilated by the 
plants. The plants transform the soluble forms of nitrogen into com- 
plex organic forms; upon the death of the plants, as well as of the ani- 
mals which feed upon them, the nitrogen is brought again into circu- 
lation, through the action of a number of bacteria, in the form of 
ammonia. However, before this nitrogen is again assimilated by the 
marine plants, the ammonia is usually oxidized first to nitrite and then 
to nitrate by the action of certain other bacteria. The nitrate, if not 
consumed by the plants especially in the surface layers of the sea, may 
be reduced, under certain conditions, by the action of still other bac- 
teria to nitrite, to ammonia, and to gaseous forms of nitrogen. Some 
bacteria may compete in the sea with higher plants for the available in- 
organic nitrogen, in the presence of certain carbohydrates, and thereby 
transform this nitrogen into organic compounds. 

The bacteria are thus concerned in the sea with at least five distinct 

1 Contribution No. 18 of the Woods Hole Oceanographic Institution and 
Journal Series Paper of the New Jersey Agricultural Experiment Station, De- 
partment of Soil Microbiology. 
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processes which are based upon the circulation of nitrogen, and which 
affect in numerous ways, directly and indirectly, the growth of plant 
and animal life in the sea, namely (1) liberation of nitrogen as am- 
monia, (2) oxidation of ammonia to nitrite and nitrate, (3) reduction 
of nitrate to nitrite and atmospheric nitrogen, (4) fixation of nitrogen, 
and (5) assimilation of inorganic forms of nitrogen. The first and 
last of these processes have been discussed at some length in a previous 
publication (48). The investigations reported in this paper are con- 
cerned with the other three processes of nitrogen transformation. 


OCCURRENCE OF NITRIFYING BACTERIA IN THE SEA 
Historical 


The formation of nitrate in the sea, as a result of oxidation of am- 
monia, is usually considered as the final step in the transformation of 
nitrogen, before it is made again available for assimilation by green 
plants; this does not exclude, of course, the probability that ammonia 
itself, the final nitrogenous product of decomposition of organic matter 
by bacteria, and nitrite, the first product of oxidation of ammonia, can 
also be utilized by marine alge and by the chlorophyl-containing mem- 
bers of the plankton, as sources of nitrogen. Among the various ma- 
rine problems, for which bacteria are believed to be responsible, none 
has aroused more discussion and greater interest than the process of 
nitrate formation in the sea, with the possible exception of nitrate- 
reduction by bacteria. This interest is due to the importance of nitrate 
formation in the metabolism of the sea and to the difficulty of study- 
ing the bacterial agents responsible for this process. An exact analogy 
is found in the study of the agents of nitrification on land: even forty 
years after the respective organisms have been isolated and cultivated 
by Winogradsky, papers still continue to appear which not only ques- 
tion the role of these organisms in the process but frequently doubt 
their very existence. 

Boussingault looked upon the ocean, in 1860, as an immense reser- 
voir of nitrogen in a combined form. Schlosing (43) demonstrated, 
in 1875, that while land waters are richer in nitrate, sea waters are 
richer in ammonia. It was recognized, however, that both ammonia 
and nitrate result from the decomposition of nitrogenous organic mat- 
ter in the sea. Natterer (36) measured the NH,, NO,, and NO, con- 
tent of sea water and found that the first was most abundant, while 
the last two were present in mere traces or were entirely absent; he 
believed that nitric acid produced by electric discharges sooner or later 
reaches the sea, enters there into organic combination, and is finally 
transformed to ammonia; this diffuses then into the atmosphere, and 
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contributes again to the growth of plants on land; these results were 
not confirmed, however, by subsequent investigators. Brandt (9, 10) 
stated emphatically that the cycle of nitrogen in the sea is essentially 
not very different from that on land. 

The first suggestion concerning the existence in the sea (Gulf of 
Naples) of bacteria responsible for the process of nitrification was 
made in 1898 by Vernon (45). Baur and Brandt (2) are believed to 
have demonstrated in 1900 the presence of nitrifying bacteria in the 
sea: two out of three mud samples inoculated into a solution contain- 
ing ammonium salts gave active nitrification; however, sea water itself 
seemed to be free from the organisms concerned in this process. These 
results could not be confirmed by Gran (19) and Nathanson (37), who 
were unable to demonstrate these organisms either in the Norwegian 
fjords or in the Gulf of Naples. Gran found nitrifying bacteria only 
close to the shore. This led Nathanson to conclude that when bacteria 
are found in the sea not far from land, it is due to their introduction 
from the land soils by streams and land drainage. Gran and Nathan- 
son adhered, therefore, to the earlier hypothesis of Schlosing that ni- 
trates are not formed in the open sea, but are brought there from the 
outside, either from the atmosphere or from land. 

Brandt argued that, if the nitrate comes into the sea either from the 
atmosphere or from land by means of streams and rivers, one would 
expect to find nitrate more abundant in the surface layers of the sea 
rather than in the lower depths, which is contrary to actual facts. The 
abundance of nitrate in the deeper layers of water led Brandt to con- 
clude that nitrification takes place chiefly in the sea bottom or close to it. 
It was recognized, however, that close to the mouth of the rivers the 
relative concentration of nitrate was greater than in the open sea, but 
this was also found to hold true for other forms of nitrogen, namely 
ammonia and protein. 

Thomsen (44) demonstrated the presence of nitrite-forming bac- 
teria in considerable abundance in the sea bottom, although they were 
absent in the sea water and on algal material; the nitrate-forming or- 
ganisms were also present in the bottom material, but only close to 
shore. The organisms responsible for the two processes, namely Nitro- 
somonas and Nitrobacter, were isolated from the sea and were found 
to be morphologically the same as the corresponding forms isolated by 
Winogradsky from land soil. The marine nitrite bacteria were con- 
sidered as adaptation forms, their optimum temperature being similar 
to that of the bacteria from land. Thomsen found nitrifying bacteria 
not only in the mud from the Gulf of Naples, but also from the Kiel 
Bay and the North Sea. He believed that the negative results of 
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Nathanson were due to the nature of the medium which he had used 
for demonstrating the presence of these organisms, and to the fact that 
the cultures were not incubated sufficiently long and that the tempera- 
ture was unfavorable. The occurrence of these bacteria on the bottom 
of the sea and not in the free water itself was explained by the fact 
that the water contains only traces of ammonia, while the continuous 
decomposition of plant and animal residues in or on the bottom supplies 
the necessary substrate for their action. 

Issatchenko (24, 25) reported in 1908 that he found nitrifying bac- 
teria in the water of the northern Arctic Sea; these organisms. were 
present in the bottom material of the Catherine Coast (Murmansk) 
and of the North Ice Sea, as well as of the high seas; they were absent, 
however, in the surface water. Only nitrite-forming bacteria were 
found in the sea bottom, but not the nitrate-formers. In a later con- 
tribution (26), Issatchenko has shown that the nature of the sea bottom 
material is of importance in determining the abundance of nitrifying 
bacteria; these organisms were more abundant and could be more read- 
ily demonstrated in sandy bottoms and in shell-rich bottoms than in 
clay bottoms. 

Liebert (30) attempted, in 1915, to isolate nitrifying bacteria from 
the water of high seas and from the ocean bottom; his results were 
entirely negative. He concluded that sea waters at a distance from 
land contain no bacteria capable of oxidizing ammonia and nitrate, 
due to the low content of these nitrogenous compounds in the sea. 
Marine mud from the North Sea also gave negative results, except in 
close proximity to shore. However, both nitrite and nitrate formation 
took place in the Zuyder Sea. Liebert believed that the FeS present 
so abundantly in the bottom of the ocean may play an important role 
in the oxidation of the ammonia in marine bottoms. Berkeley (14), 
in 1919, tested sea water for the presence of nitrifying bacteria with 
negative results, even after three months incubation of the cultures. 
As a result of a series of investigations, Lipman (31) concluded that 
although nitrifying bacteria are absent in the water of the open sea, 
they are present in the sea bottom, such as calcareous sand. Similar 
results were reported by Harvey (21-23). 

On the basis of these results, Brandt (11) concinded in 1926, with 
much justification, that the results so far obtained are sufficient to es- 
tablish definitely the fact that bacteria capable of oxidizing ammonium 
salts are completely lacking in surface waters, but are present in ma- 
rine bottoms. 

The possibility of photo-chemical oxidation in the sea of ammonia 
to nitrite and even to nitrate has recently been suggested (51). It has 


BACT EREATAND NITROGEN CYCLE IN SEA 141 


been known (39) that solutions of ammonia and ammonium salts ex- 
posed to sunlight, in the presence of small quantities of a photo-sensi- 
tizer, will give rise to nitrite, especially in alkaline solutions. TiO,, 
ZnO, CdO, and others act as photo-sensitizers. The photochemical 
formation of nitrite and nitrate can, at best, however, explain only 
partly the origin of nitrates in the sea, since it must take place in the 
surface layers, with the formation of ammonia preceding this process. 
The fact that the nitrate is largely found in the lower layers of water 
would tend to emphasize the probable limitation of this process in the 
formation of nitrate in the sea. 


Experimental 


In an attempt to study the occurrence and activities of nitrifying 
bacteria in the sea, it was deemed essential to establish at first the con- 
ditions favorable for the growth of these organisms. One deals here 
with bacteria highly selective in their metabolism, very sensitive to 
environmental conditions, and specific in their food requirements, as 
was amply shown for the corresponding organisms universally active 
and abundant in land soils. Whether or not the bacteria responsible 
for nitrite and nitrate formation in the sea are as highly sensitive to con- 
. ditions as the land bacteria, the first prerequisite in such investigations 
was to select a medium favorable for their development under artificial 
laboratory conditions. Several preliminary experiments were, there- 
fore, carried out in order to test sea water as a medium and the most 
optimum conditions for the growth of these organisms. 

At first, fresh sea water, to which 0.05 per cent K,HPO,, some 
CaCO,, and varying amounts of ammonium salts had been added, was 
used. These experiments have shown that neither nitrate nor nitrite 
was formed in such a medium. However, when fresh sand or mud 
was introduced into the flasks, active nitrite formation took place. 
The results of a typical experiment are reported in Table I. The 
medium used in this experiment consisted of, 


ireshvsea watetinn vaca cic ones 1000 cc. 
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This medium was placed in a series of flasks; these were plugged 
with cotton and the medium left unsterilized. Some of the flasks re- 
ceived 30-gram portions of fresh bottom mud taken off the shore of Gay 
Head, while others did not receive any mud. At frequent intervals ni- 
trite tests were made by removing l-cc. portions of the culture, by the 
use of sterile pipettes. The test was made with a mixture of sulphanilic 
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acid and diethyl B-naphthylamine solutions. One cc. of culture was di- 
luted with 5 cc. of distilled water and 1-cc. portions of each of the two 
reagents added. The color was read after 5 or 10 minutes. 

The results brought out in Table I clearly demonstrate the fact that 
sea water either does not contain any bacteria capable of oxidizing am- 
monium salts to nitrite or is not a favorable medium for the develop- 
ment of these bacteria. In the culture to which marine mud has been 
added active nitrite formation took place, even after 20 days incuba- 
tion; the amount of nitrite formed increased rapidly on further incu- 
bation. This can be due either to the presence of nitrifying bacteria 
in the mud or to the fact that the mud made the sea water medium more 
favorable for the development of these organisms. 


TABLE [| 


Nitrite formation in sea water medium and in sea water medium to which fresh 
marine mud has been added. 

Tr = trace of nitrite; 0 indicates negative test; + = positive nitrite test; +--+ 
= extensive nitrite formation; ++-+-+ = maximum nitrite reaction; — indicates 
culture discarded. 


Days of incubation of cultures 
Treatment of culture 


6 | 15 | 20 24 28 33 38 
Water alone: ..)..5500c5 02 oe: 0;0/0 0 tr tr tr 
Watemalonen). 425.505... 0;0/;0 0 tr — — 
Water and mud............. 0/0;+)+++)4+4+4++)/)4+++4+)/)4++++ 
Water and mud............. 0;/0;+)+4+4+/)/+4+++ — — 


Another important point to be noted from this experiment is that 
only the tests for nitrite were positive, while the tests for nitrate were 
all negative, even in the mud cultures. Attention has been called, in 
the review of the literature, to the comparative rarity in the sea of the 
nitrate-forming bacteria, as compared with the nitrite-formers. This 
would seem to be an anomaly, since there is very little nitrite present 
in the sea as compared with nitrate. If one remembers, however, the 
fact that the nitrate bacteria are highly sensitive to traces of free am- 
monia, which would be produced from the ammonium salt in an alka- 
line medium, one would expect to find these organisms, if they are 
present at all, only after all the ammonia has been oxidized to nitrite. 
The tests were continued for a longer period, but no trace of nitrate 
could be detected within 57 days of incubation; however, after 60 to 62 
days, the mud containing cultures gave a definite test for nitrate, and 
after 77 to 84 days, the test became strongly positive. 

An experiment was then started to determine the influence of the 
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initial concentration of ammonium salt added to the original medium 
upon the development of nitrite and nitrate-forming bacteria, since some 
of the previous investigators (31, 33) considered this to be an impor- 
tant factor. This experiment was carried out as follows: Twelve 250- 
cc. Erlenmeyer flasks received 40-gram portions of washed sea sand 
and 2 grams CaCO,; the flasks were plugged with cotton and sterilized 
for 1 hour under pressure. Sixty-cc. portions of sea water containing 
0.1 per cent K,HPO,, previously heated for 1 hour at 70° C., were 
then added to the flasks, as well as varying amounts of an ammonium 
sulfate solution, also heated previously at 70° C. Five of the flasks 
were inoculated with fresh surface water taken from Great Harbor, 


WA IU 


Effect of varying concentrations of ammonium sulfate upon mitrite formation in 
sea water-sand medium. 

0 indicates negative test; + = positive nitrite test; ++ and ++-+ = exten- 
sive nitrite formation; ++-+-+ = maximum nitrite formation. ~ 


Sea water inoculum Mud inoculum orcad une 
Concentration 
o Eee Days of incubation Days of incubation Days of incubation 
3)7)|12) 17 20 3)7| 12 17 20 3|7 | 12: 17 
mem. i 
L GOO) Oj © POO) se sear sr se] sees 
10 ClO} O | OO OO ee esse sr tease 
2 ola) |+4+lojo| 0 | + 4 |o)a) | eee 
50 fojolo) + | ++ Jojo) +) +++ |)+4++4++ ojo) +) ++++ 
100 0) 0; 0; 0 0 0) 0} O ++ +++-+ 


near the Oceanographic Institution wharf, five flasks were inoculated 
with sea bottom mud from off the shore of Gay Head and 2 flasks with 
4 drops of an enriched culture of nitrite-forming bacteria grown in a 
sand-sea water medium. 

The concentration of the ammonium salt and the nature of the 
inoculum were found to have an important effect upon the rapidity of 
nitrite formation, as shown in Table II. The use of sea water as an 
inoculum gave no nitrite formation with either the highest or the low- 
est concentrations of the ammonium salt; however, a positive reaction 
was obtained in the cultures containing 25 and 50 mgm. of the salt, 
after 17 days incubation. The cultures inoculated with mud gave a 
positive nitrite test in some cultures in 12 days and in all cultures in 
17 days. The mud cultures behaved in a manner similar to the en- 
riched culture of the nitrite-forming organism. 
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Some of the cultures in the above experiment were incubated for a 
longer period than that reported in Table II. The culture containing 
10 milligrams of ammonium sulfate and inoculated with mud gave very 
abundant nitrite formation up to 34 days; after 42 days, however, the 
nitrite disappeared. It had been completely and rapidly converted to 
nitrate. 

In the previous experiments, both the water and the marine bottom 
material were obtained in the proximity of land. The following ex- 


SPAT wal 


Presence of nitrite-forming bacteria in the sea water of the Gulf of Maine (Sta- 
tions 1329, 1330, 1331, and 1332) and Georges Bank (Stations 1333 and 1334) at dif- 
ferent depths. 

Tr = trace; 0 indicates negative test; + indicates positive reaction; ++ = ex- 
tensive nitrite formation; +? indicates doubtful reaction. For map showing location 
of stations, see Rakestraw, 1933, Biol. Bull., 64: 150. 


Days of incubation 


eeuon Depth of water 
10 15 20 23 
meters 

1B2OMSuriacenwater ae seen 0 +? 0 0 
1329 | Above bottom................. 0 0 0 0 
1330 | Above bottom................. 0 0 0 0 
133i= |) Surfacewwater 5 5) .)46 5 aos eee | 0 0 0 0 
ES Sil Meee dc Cie ah Spiga iain tr tr tr —- 
TUSASIIL Ss ISK Oat ae eae ee ate nL Lg) tr + os ae 
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1331 | Above bottom................. 0 0 0 0 
1332'4\\Surface water. 2.5... ..225... 45 0 + + ++ 
ESS RS OM rt Paley ete tents alti ela 0 AF =F =F 
ESS em (el OO Bion ae rar ens lovee i pgs fo 0 + + + 
GOS” || Gandia Wee, 6 asoeccecdensoue 0 tr tr tr 
1334 | Surface water................. 0 tr 0 tr 
133454 Deep water. <.5...e6 sock es hss 0 tr tr tr 


periments deal with the occurrence of nitrifying bacteria in the Gulf 
of Maine and on George’s Bank, at a considerable distance from shore. 
Material for this experiment was obtained on a cruise of the “ Atlantis,” 
which took place during August 1-5, 1932, and which has been de- 
scribed in detail elsewhere (50). For this purpose a series of flasks 
were prepared containing the following materials: 


SE aIG Db RNa er ne et nia Ged ee 5) = Gikevens 
(CalC Oa i Ga Wat aR eae etal Anas Sele 1 gram 
IKI UEX OAD Tea MR ER CAE aarti cee 0.005 gram 
MONIES) ESOS oii Mista cate thas 0.01 gram 


The flasks were plugged with cotton and sterilized, at 15 lbs. pressure, 
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for 15 minutes. A standard solution of ammonium sulfate was steri- 
lized separately and added to the sterile flasks. At the various stations — 
visited about 50-60-cc. portions of fresh sea water, brought up from 
the different depths, by means of sterile glass containers, were added 
to the flasks immediately after the samples were obtained. To deter- 
mine the occurrence of nitrifying bacteria in the marine bottom of the 
open sea, a medium similar to the above and containing 75-cc. portions of 
sea water with only 5 milligrams of (NH,),SO, per flask was prepared. 
This medium was sterilized for 1 hour in flowing steam (100° C.). 
The flasks were inoculated, after returning from the cruise, with small 
quantities (about 1 gram) of fresh mud, obtained in the Gulf of Maine 
under sterile conditions; this was done by removing carefully the inner 
part of a core of mud. 


Tasle IV 


Occurrence of nitrite-forming bacteria in the marine bottom of the Gulf of Maine 
(Stations 1329 and 1330) and Georges Bank (Station 1336). 

Tr = trace of nitrite; + = positive nitrite test; +-+ and +++ = extensive 
nitrite formation. For map showing location of stations see Rakestraw, 1933, Buol. 
Bull., 64: 150. 


Days of incubation 


Son Depth of mud 
2 6 11 15 
cm. 
1329 0-30 ar ar SF SP AP Ar St atn ate 
1329 30-60 0 ++ ++ +++ 
1329 60-90 0 tr tr tr 
1330 0-30 =F stp ain ate stpcte aparar 
1330 30-60 0 tr tr tr 
1330 60-90 tr tr tr tr 
1336 Surface layer of sand 
bottom 0 + + ++ 
Control 0 0 0 0 


The results of these experiments on the presence of nitrite-forming 
bacteria in the sea water and in the marine bottom of high seas, are re- 
ported in Tables III and IV. These results show that the free water 
in the high seas is either entirely free from nitrifying bacteria or con- 
tains only very few cells of these organisms. In the case of the marine 
bottoms, however, positive nitrite formation was obtained in the case 
of the mud bottoms (Stations 1329 and 1330). Even within two days 
incubation these bacteria seem to be present in the mud to quite con- 
siderable depths. The sand bottom also gave active nitrite formation, 
somewhat more slowly than the mud bottoms. 

In addition to the cultures containing ammonium salts, other cul- 
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tures containing nitrites were prepared, but all attempts to obtain nitrate- 
forming bacteria in these media failed. However, when old cultures 
of nitrite-forming bacteria, in which nitrate-formation .began to take 
place, were transferred to fresh media containing 5 mgm. KNO, in 
30 cc. of medium, active nitrate formation took place within 7-8 days. 

The following medium was finally adopted for the purpose of dem- 
onstrating the presence of nitrifying bacteria, using large test tubes 
instead of flasks, due to the ease of handling. The tubes contained 30 
cc. sea water, 10 gm. washed sand, 1 gm. CaCO;, 5 mgm. (NH,).SO,, 
and 5 mgm. K,HPO,. The medium was sterilized in flowing steam; 
the ammonium salt was sterilized separately, then added in aliquot por- 
tions, using sterile pipettes. 

The nitrite-forming organism could be readily cultivated on the 
above medium; on repeated transfer, active cultures were obtained. By 
inoculating a silica-gel medium (thoroughly dialyzed in tap water and 
soaked in sterile sea water), to which an ammonium salt and calcium 
carbonate had been added, with an active liquid culture, abundant for- 
mation of nitrite on the plate took place within 14 days. This should 
facilitate greatly the isolation of the organism in pure culture, although 
for the purpose of the above experiments this was not considered es- 
sential. 

The results presented here and other data of a similar nature are 
quite sufficient to demonstrate definitely that free sea water, especially 
at the surface of the sea, has either no nitrifying bacteria at all or only 
very few of these organisms. On the other hand, the sea bottom, mud 
or sand, has an active population of nitrifying organisms. The forma- 
tion and accumulation of nitrate in the sea is probably due largely to the 
activities of these organisms. The processes of nitrite and nitrate for- 
mation take place in the sea bottom; the nitrate then diffuses into the 
water. The fact that it is much easier to demonstrate in culture the 
formation of nitrite than that of nitrate is due largely to the specificity 
of the organisms and conditions of cultivation. 


REDUCTION OF NITRATES IN THE SEA BY BACTERIA 
Historical 


Nitrate is consumed in the sea not only by the green plants but also 
_by bacteria, which either transform it into bacterial cell substance or 
reduce it to nitrite, ammonia, or atmospheric nitrogen. The activities 
of the last group of bacteria have aroused the interest of oceanograph- 
ers. The increasing concentration of nitrate with the depth of the 
water in the open sea, the high nitrate content in temperate waters and 
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its comparative poverty in tropical waters, the fact that nitrate is the 
final product of the transformation of nitrogen by bacteria, and further 
the fact that the phytoplankton and marine alge seem to use this form 
of nitrogen in preference to any other, have all served to center the at- 
tention of marine investigators upon the transformation of nitrate in 
the sea. An attempt has actually been made to correlate not only. the 
relative abundance of nitrate in the sea but also the abundance of plant 
and animal life with the activities of the nitrate-destroying bacteria. 

If one is to admit the assumption that bacteria control largely the 
cycle of nitrate in the sea, especially its disappearance under certain 
conditions and not under others, one would have difficulty in explaining 
the common observation that nitrate and phosphate occur in the sea in 
a parallel manner. If one were to conclude that the nitrate balance in 
the sea is controlled by the activities of nitrate-forming and nitrate- 
reducing bacteria, one must also postulate that the formation and dis- 
appearance of phosphate in the sea are also controlled by the activities 
of comparable groups of bacteria. This may be true for the liberation 
of nitrate and phosphate, since nitrate formation is a resultant of a 
chain of processes brought about by a series of bacteria, while phos- 
phate is liberated directly, in the decomposition process of plant and 
animal residues in the sea. On the other hand, although nitrate-reduc- 
tion is known to take place under favorable environmental conditions, 
which include the presence of nitrate, an available source of energy, 
and the necessary bacteria, the reduction of phosphate in the sea, aside 
from its direct consumption by the phytoplankton, is still a matter of 
conjecture. 

It is further essential to keep in mind the fact that the nitrate-re- 
ducing bacteria do not comprise a single group of organisms but several 
groups with distinct physiological properties, namely, (a@) bacteria which 
reduce nitrate to nitrite only, (b) bacteria which reduce nitrate and 
nitrite to ammonia, and (c) bacteria which reduce nitrate and nitrite to 
atmospheric nitrogen and to gaseous oxides of nitrogen. Only the last 
group should be considered as true denitrifying bacteria; their activi- 
ties may be of significance in the disappearance of nitrate in the sea. 
The products formed by the first two groups of nitrate-reducing bac- 
teria can either be assimilated directly by the marine alge and the 
phytoplankton or they can be oxidized back to nitrate by specific bac- 
teria. 

According to Audoynaud (1), both ammonium salts and nitrates 
are assimilated by the numerous small organisms inhabiting the sea, 
their bodies later sinking to the bottom and forming layers of various 
degrees of thickness. He, as well as Schlosing (43), had only a very 
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vague idea concerning the return of the elements, especially of the ni- 
trogen, to the atmosphere or to the sea, as a result of the decomposition 
of the organic residues. 

The presence in the sea of bacteria capable of reducing nitrate, 
largely to nitrite, was demonstrated by Beijerinck (5) in 1890, by 
Fischer (15) in 1894, for phosphorescent bacteria, by Russell (42) in 
1893, for the sea in the vicinity of Woods Hole, and by Vernon (45) 
in 1898, for the waters in the Gulf of Naples. 

A decided stimulus to further investigations of nitrate-reducing bac- 
teria was given by Brandt (9), in 1899, by his now famous hypothesis 
concerning the function of denitrifying bacteria in controlling the sup- 
ply of available nitrogen in the ocean and, therefore, of plankton de- 
velopment. Brandt believed that most of the nitrogen compounds are 
brought into the sea from land by the rivers, streams, and drainage 
waters; without the activities of the denitrifying bacteria, nitrate con- 
centration in the sea would soon reach a point where it would become 
injurious to living organisms. The more abundant plankton life in 
shallow waters, as compared with deep waters, was ascribed to the fact 
that, in the former, the available inorganic nutrients are distributed 
through a smaller volume of water, while in the deeper seas, the nutri- 
ents are distributed in much greater volumes of water. Plankton-rich 
seas were found to contain much more nitrate (and nitrite) than plank- 
ton-poor seas; a direct relation was thus shown to exist between the 
mass of plankton development and the amount of nitrate present. The 
conclusion was, therefore, reached that the abundance of nitrate con- 
trols the abundance of plankton. The tropical and sub-tropical seas 
are known to be comparatively poor in plankton, while the arctic seas 
are rich in plankton, especially in the summer ; this phenomenon is just 
the opposite of that found in the case of land vegetation. This differ- 
ence in the plankton development in the sea was explained by the dif- 
ference in the concentration of available nitrogen compounds; the trop- 
ical climate favors active denitrification which results in the reduction 
of nitrate and the limitation of this most important plant nutrient in the 
sea. 

_ These ideas resulted in an extensive study of the occurrence of deni- 
trifying bacteria in the sea and their importance in marine processes. 
In 1902, Baur (2) reported the isolation of a denitrifying bacterium 
from the mud of an aquarium rich in nitrate; another form was iso- 
lated from the mud in the bay of Kiel. Gran (18) isolated from the 
sea, in 1901, several bacteria capable of reducing nitrate. He found 
that only at close proximity to shore, where organic residues are pres- 
ent in abundance and where large quantities of nitrate and nitrite are 
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brought in from shore, is there any possibility that true denitrifying 
bacteria play an important part in the destruction of nitrate. Gran 
concluded that Brandt’s hypothesis is untenable. 

Feitel (14) has shown in 1903 that denitrifying bacteria are present 
in great abundance in the sea, at all depths, but more often on the sea 
bottom or in the water near it, where organic matter is abundant. These 
bacteria were found not only close to land but also at a considerable 
distance from shore; when isolated in pure culture, they were capable 
of bringing about active denitrification, especially at low temperatures. 
Nathanson (37) demonstrated in 1906 the presence of denitrifying bac- 
teria in the Gulf of Naples. In 1908, Kuhl (29) found that marine 
mud brings about active denitrification. In 1909, Graf (17) isolated 
from the waters of the Atlantic and Indian oceans 17 forms of deni- 
trifying bacteria; this common occurrence of nitrate-reducing bacteria, 
taken together with the observations of the increase in nitrate concen- 
tration with an increase in the depth of water and the decrease of ni- 
trate concentration with an increase in temperature, was believed to 
substantiate Brandt’s hypothesis. 

Issatchenko (25) found denitrifying bacteria in the North Polar Sea, 
capable of growing at very low temperatures (1-3° C.). He con- 
cluded that the bacteria reducing nitrate to nitrite or to ammonia are 
widely distributed in the sea at various depths and are represented there 
by numerous types, which are normal inhabitants of the sea. The true 
denitrifying bacteria, which-are also widely distributed in the northern 
seas, were considered of doubtful importance in bringing about any 
appreciable losses of nitrogen in the sea. The fact that these bacteria 
are able to develop and reduce nitrate at low temperatures (12) and the 
fact that warm seas are also rich in nitrates (16) led Issatchenko to 
deny the validity of Brandt’s hypothesis. 

According to Gran (20), appreciable denitrification may take place 
only in enclosed bays and fjords, where large amounts of organic mat- 
ter are present, considerable nitrate is brought in from land, and, due 
to limited circulation, the amount of oxygen is limited. 

This brief summary of the literature bearing upon Brandt’s hy- 
pothesis, concerning the importance of denitrifying bacteria in the cycle 
of life in the sea, points to the fact that the weight of the evidence bears 
out the conclusions of Gran and Issatchenko, namely, that admitting 
the existence of denitrifying bacteria in the sea, their role in marine 
processes is far from being established; certainly their part in con- 
trolling the nitrogen content of the sea and, therefore, of plankton de- 
velopment is shown to be of minor importance. 

Another hypothesis based upon the activities of denitrifying bacteria 
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served to focus the attention of oceanographers on the role of these 
organisms in marine processes. Drew (13) attempted to correlate the 
activities of these bacteria with the process of calcium carbonate pre- 
cipitation in the sea: nitrate-reducing bacteria decompose calcium salts 
of organic acids present in the sea; this results in the precipitation of 
the calcium as calcium carbonate. However, further studies on the 
occurrence of denitrifying bacteria in tropical seas and on the mecha- 
nism of calcium carbonate precipitation did not tend to confirm this 
hypothesis. Lipman (32) found that precipitation of CaCO, will take 
place in a suitable medium even in the absence of nitrate. Whatever 
the final explanation of the mechanism of calcium precipitation in the 
sea (32, 34, 3, 4), one is justified in concluding that the original hy- 
pothesis of Drew has not been substantiated by subsequent investiga- 
tors. In order to bring about such extensive precipitation, large quan- 
tities of nitrate would have to be formed and still larger quantities of 
organic acids produced in the sea, two processes which have not been 
sufficiently established. 

However, even if these two hypotheses concerning the importance 
of denitrifying bacteria in marine processes may be considered, for the 
present at least, as untenable, the fact remains that the sea harbors’ 
many bacteria capable of reducing nitrate to nitrite, to ammonia, and to 
atmospheric nitrogen (38, 35). Only a detailed study of the occur- 
rence of these organisms in the sea and of their biochemical activities 
may enable one to interpret their true function in marine processes. 


Experimental 


Most of the media used by previous investigators for the growth of 
nitrate-reducing bacteria contained peptone (3, 34), which could serve 
both as a source of energy and of nitrogen. However, the use of an 
organic nitrogen compound for the growth of these bacteria tends to 
confuse the results obtained, since some of the products, such as am- 
monia, may either be due to the reduction of the nitrate or to the decom- 
position of the protein. In the following experiments, a synthetic 
medium was employed, with nitrate as the only source of nitrogen and 
with various carbohydrates or salts of organic acids as sources of energy. 

In the first experiment, a study has been made of the relative abun- 
dance of nitrate-reducing bacteria in sea water and in marine mud. 
For this purpose the following medium was found to give good results: 


Serie wate ery ioe nie tea tateenent: 1000 ce. 

Gara cetate nye Oh et oe ae anne 10 grams 
INIUN| GS en ee renee a a PaeE cen chad 1.0 gram 
TRG TE LEX Gy RRR ne cae 0.5 gram 


HES ONE ON ee a aa ee 0.01 gram 
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Thirty-five-cc. portions of this medium and 10-gram portions of sand 
were placed in a series of large test tubes; these were plugged with 
cotton and sterilized, by heating at 70° C. for 4 hours. By the use of 
this medium and the dilution method, denitrifying bacteria, or organ- 
isms capable of reducing nitrate to gaseous forms of nitrogen, were 
found in dilutions of 1 cc. and 0.1 cc. of sea water, taken near shore, 
and in 0.0001 gram of mud. 

The above method of sterilization proved to be unsatisfactory, since 
some of the controls contained bacterial spores. A study has, there- 
fore, been made of the influence of sterilization of the medium upon 
the growth of nitrate-reducing bacteria. The results of this experi- 
ment are presented in Table V. Autoclaving the medium did not 
render it unfit for the development of these bacteria, hence one could 
feel fully justified in proceeding with this method of sterilization. 

The above medium was used in the investigation of the distribution 
of nitrate-reducing bacteria in sea water and in mud in the Gulf of 
Maine. The results of this experiment, reported elsewhere (50), 


TABLE V 


Influence of sterilization of medium upon the development of denitrifying bacteria. 
Marine mud used for inoculation and cultures incubated for 3 days. 


eer Filtration 
Bae rie eh eceae || 00>, Thou |S RRR ED iG ot ae 
filter* 
OO Gas Gas Gas Gas 
0.001 Gas Gas Gas 0 
0.0001 Pellicle, no gas } Pellicle and gas Gas 0 
0.00001 0 Pellicle, no gas | Medium turbid, sur- 0 
face ring 
Control 0 iQ) 0 0 


* Tubes and sand sterilized under pressure. 


brought out the fact that bacteria reducing nitrate to nitrite are uni- 
versally distributed in the sea. However, the occurrence in the open 
sea of bacteria reducing nitrate to atmospheric nitrogen is very limited. 
Only in the case of one station, with 0.1 gram of mud as the inoculum, 
was positive denitrification observed, when the nitrate was rapidly re- 
duced to gaseous nitrogen. In none of the other seven stations studied 
and in none of the water samples obtained from the various depths could 
the presence of these organisms be demonstrated. The bacteria re- 
ducing nitrate to nitrite were found to be much more abundant in the 
mud than in the free water. Most of the nitrate-reducing organisms 
present in the water belonged to the non-spore-forming bacteria; how- 
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ever, several tubes inoculated with various dilutions of mud showed 
unmistakably the presence of spore-forming organisms. The actual — 
amount of nitrate reduced in all the cultures reducing nitrate to nitrite 
was comparatively small. 

In order to study the process of reduction of nitrate under con- 
trolled laboratory conditions, especially for the purpose of determining 
the influence of the energy source upon the reduction of nitrate to ni- 
trite and to atmospheric nitrogen, the following experiment was car- 
ried out: 50-cc. portions of fresh sea water containing 50 mgm. of 
NaNO, were placed in a series of large tubes and 25-gram portions of 
sand added. Small portions of dry algal material, using Fucus vesicu- 
losus or Ulva lactuca, were added to some of the tubes; some cultures, 
with and without nitrate, were used as controls. Some of the tubes 
were left without further inoculation, while some were inoculated with 
marine mud. . All the cultures were incubated at room temperature and 
readings taken at the end of 5 and 9 days. The water used in this ex- 
periment was taken near shore at the Woods Hole harbor, while the 
mud was obtained off the shore of Gay Head. 

The results presented in Table VI show that algal material can be 
used readily as a source of energy for the reduction of nitrate by the 
bacteria living in the sea water and in marine mud. There were found 
several marked differences, however, between the different cultures, 
depending on the nature of the algal material and on the kind of inocu- 
lum. In the sea water medium, the organic constituents of the Ulva 
were used readily as sources of energy for the reduction of the nitrate, 
as shown by the rapid reduction of the nitrate to nitrite and to gaseous 
nitrogen within 5 days; after 9 days incubation, all the nitrate 
and nitrite have completely disappeared, due to their reduction to at- 
mospheric nitrogen. When Fucus was added to the sea water, the 
reduction of the nitrate was much slower, no gas being formed and con- 
siderable nitrate and nitrite being still left after 9 days incubation. The 
sea water medium containing nitrate only and no additional energy 
source showed no trace of reduction of nitrate, either to nitrite or to 
gaseous nitrogen. 

The cultures heavily inoculated with mud gave a totally different 
type of nitrate reduction. When the Ulva material was added to the 
medium, both the nitrate and nitrite disappeared in 9 days, with active 
gas evolution, even more rapidly than in the cultures of sea water alone. 
In the case of the cultures receiving the Fucus the reduction of the ni- 
trate was so rapid that, within 5 days, all the nitrate and nitrite disap- 
peared completely from the culture, accompanied by abundant gas evo- 
lution. The difference in the influence of the Fucus material in the 
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cultures inoculated with water and with mud is due largely to the fact 
that, as suggested previously, marine mud probably contains bacteria 
capable of attacking the specific carbohydrates of the Fucus, while such 
bacteria are absent in the sea water itself. The mud-inoculated cul- 
tures receiving no algal material also gave active reduction of nitrate 
to nitrite and even to atmospheric nitrogen; in this case the small 
amount of available organic matter in the mud (46) was probably used 


TaBLe VI 


Utilization of marine alge as sources of energy for bacteria reducing nitrate. 

Tr = trace of nitrite or nitrate; 0 indicates negative test; + = positive nitrite or 
nitrate test; +-+ and +-+-+ = considerable nitrite or nitrate present; —+---+--+-+ 
= maximum nitrite formation. 


Mud Gas Nitrite Nitrate 
Source of in- Growth of 
algal material ocu- DaACteriaie| mas Ga oor oe Ge a RTS ESD TE | EE e 
lum 5 days | 9 days 5 days 9 days 5 days | 9 days 
Sea water 

Alone Meee ee 0 0 0 0 0 0 0 
Sea water and 

nitrate...... 0 0 0 0 0 sate |) te ote 
Sea water, ni- 

trate, and 

Ulver wie Turbidity 

in culture} ++ 0 }4+4+44+ 0 ++] tr 
Sea water, ni- Turbidity 

trate, and and pell- 

IFWICUS. c soc icle 0 0 +++ ++4+++;);++);) + 
Sea water alone| + 0 0 0 0 + 0 0 
Sea water and 

Mitbhaten ss ee + | Turbidity} + 0 Sea SF 45 see | Se46 
Sea water, ni- 

trate, and 

Wikvale wis. ue + | Turbidity} + oF ate 0 + 0 
Sea water, ni- 

trate, and 

IE WKS. 6 5 4c + | Pellicle + + 0 0 0 0 


as a source of energy. The traces of nitrite found in the culture which 
had not received any nitrate but which was inoculated with mud are 
possibly due to the formation of nitrite by the oxidation of the ammonia 
which is formed in the decomposition of the organic nitrogenous com- 
plexes in the mud. 

A study of the results of the two experiments, namely, (1) those of 
the cruise of the “ Atlantis,” which pointed to the presence in the sea 
of bacteria capable of reducing nitrate chiefly to nitrite, and (2) those 

12 
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emphasizing the importance of the specific energy source for the activi- 
ties of the nitrate-reducing bacteria, will justify one in drawing certain 
definite conclusions. The marine alge and members of the phyto- 
plankton live and synthesize their cell substance in the surface layers 
of the water, or in the zone of maximum photosynthetic activities. As 
a result of these synthetic processes, the plants consume the nitrate 
present in the particular layers of water in the sea. The bacteria pres- 
ent in the water or attached to the algz or the phytoplankton feed upon 
certain secretion products of these marine plants or upon the plant 
detritus, after the plants die. Since these algal and diatom substances 
are either free from nitrogen, as in the case of some of the secretion 
products, or contain only very limited amounts of this element, the 
bacteria decomposing them, unless they are nitrogen-fixing organisms, 
have to draw upon the available nitrogen present in the surrounding 
medium, namely in the sea. This results in the consumption of a cer- 
tain amount of nitrate by the bacteria. As a result of these two proc- 
esses, namely phytoplankton development and bacterial consumption of 
the algal products, the nitrate tends to disappear in the surface layers 
of water in the sea. 

Among the bacteria attacking the algal and diatom products and 
residues in the surface layers of the water are present organisms which 
not only consume the nitrate and transform it into organic nitrogenous 
compounds, as constituents of the bacterial cell substance, but which 
also reduce the nitrate. Such reduction will take place only in the pres- 
ence of an excess of nitrate, above that consumed by the alge and 
diatoms and the heterotrophic marine bacteria. This reduction is car- 
ried largely to the nitrite stage, but not to atmospheric nitrogen. One 
would, therefore, expect that where active plant growth takes place in 
the sea nitrites should be present rather than nitrates. This does not 
indicate any loss of nitrogen from the sea but merely that at a certain 
level below the surface of the water, conditions are favorable to the 
reduction of the nitrate to nitrite. The latter can, of course, be used 
by the growing alge and diatoms as a source of nitrogen just as well 
as the nitrate itself. 

The marine bottom presents a totally different bacteriological sys- 
tem from that of the water itself. Not only does it harbor an exten- 
sive bacterial population capable of reducing nitrate to nitrite but 1t may 
also contain true denitrifying bacteria. However, the occurrence of 
such bacteria in the mud does not at all indicate that the process of 
complete reduction of nitrate to atmospheric nitrogen is very pro- 
nounced even at the sea bottom. Here also, certain controls prevent 
the rapid losses of nitrogen in a combined form which is so essential 
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for the life of the plants in the sea. In order to reduce the nitrate (or 
nitrite) to atmospheric nitrogen, the denitrifying bacteria must have a 
source of available energy; but the organic matter of the sea bottom, 
or the marine humus, can be used only to a limited extent as this source 
of energy. This marine humus contains carbon and nitrogen in such 
proportions (46) that its decomposition will give rise to available ni- 
trogen in the form of ammonia, which is used as a substrate for the 
bacteria producing nitrate, through the nitrite stage. The only exist- 
ing possibility for denitrification to take place is in the very surface 
layer of the marine bottom where incompletely decomposed plant resi- 
dues may offer a source of available energy for the denitrifying 
bacteria. It is doubtful whether even under these conditions the ni- 
trate-consuming bacteria, decomposing these residues, are not more 
predominant and more active than the nitrate-destroying bacteria. 


OCCURRENCE OF NITROGEN-FIXING BACTERIA IN THE SEA 
Historical 


Although the ocean is usually considered to be a large reservoir of 
combined nitrogen, the question as to the origin of this nitrogen has 
frequently been raised. Some investigators believed that it is a direct 
result of electric discharges, while others looked to the land as the sole 
source of this nitrogen; however, the belief expressed by some that 
bacteria are responsible for the presence of combined nitrogen in the 
sea has been gaining ground. There is no doubt that all these three 
theories have some justification. The presence of a _ considerable 
amount of nitrogen in marine mud (46), especially not far from land, 
points to the latter as a possible source of at least some of the nitrogen 
present in the sea; whether this nitrogen is readily available for the 
nutrition of marine alge and plankton is another question, and one 
which is still little understood. 

The function of the nitrogen-fixing bacteria in increasing the supply 
of combined nitrogen in the sea is difficult to determine, the results ob- 
tained under laboratory conditions not lending themselves readily to a 
direct application to natural marine processes. While the importance 
of the bacteria concerned in the fixation of atmospheric nitrogen on 
land is well established, the available information about the occurrence 
and activities of these bacteria in the sea is still very elementary. When 
one considers further the fact that, of the two groups of nitrogen- 
fixing bacteria on land, the function of only the symbiotic organisms, 
namely root-nodule bacteria, is well established, while the importance 
of the non-symbiotic bacteria is still in dispute, and that it is the latter 
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group which is found in the sea, one can readily understand the reason 
for the lack of sufficient knowledge concerning the activities of these 
bacteria in the sea. 

Benecke and Keutner (7) were the first to demonstrate that both 
the zrobic Azotobacter and the anerobic Clostridium. pastorianum are 
found in the sea, the former occurring largely on the plankton, while 
the latter is present chiefly in the lower layers of water and in the sea 
bottom. When an attempt was made to isolate these organisms, they 
were found to be always accompanied by other bacteria, largely two 
spore-forming types. Keutner (28) concluded in 1905 that nitrogen- 
fixing bacteria are normal inhabitants of the sea, having been demon- 
strated in the North Sea, in the Indian Ocean, on the African coast, and 
~in the Malay Archipelago. The amount of nitrogen fixed per culture 
containing 4 grams of glucose in 200 cc. of water varied from 5.7 to 
16.0 milligrams, in the presence of calcium carbonate, and from 0.9 to 
9.0 milligrams in its absence. 

Keding (27) found Azotobacter to be present in the slimy sub- 
stance formed on the surface of various marine alge; he believed that 
the strains of this organism found in the sea are identical to those 
present on land. Nathanson (37), however, could not find Azoto- 
bacter in the Gulf of Naples; as a result of this, he was inclined to con- 
clude that the occurrence of this organism in the sea is merely a matter 
of infection with land water. Benecke (6) repeated this work and had 
no difficulty in establishing the common occurrence of this organism 
in the Gulf of Naples; the negative results obtained by Nathanson were 
due entirely to improper methods of study. As is usually the case, 
negative results are frequently no proof at all that a specific organism 
is absent in the sea, but may be due to a lack of a proper technique or to 
unfavorable conditions of culture. Typical Azotobacter cultures were 
isolated by Benecke from mud taken at a depth of 20 to 100 meters. 

The fact that Azotobacter occurs abundantly on marine alge led 
Reinke (40, 41) to suggest that one deals here with a case of symbiosis, 
similar to that of leguminous plants, the alge supplying Azotobacter 
with carbohydrates as sources of energy and using the nitrogen fixed 
by the latter. Issatchenko (24, 25) also demonstrated the presence of 
typical strains of Azotobacter and Clostridium in media inoculated with 
some fresh Fucus. When the medium was free from salt no develop- 
ment took place, tending to indicate that one deals here with organisms 
specifically adapted to sea water. The presence of both Azotobacter 
and Clostridium was established by Bavendamm (4) in the calcareous 
mud of various parts of the Bahama region, near Williams Island. 

These results lead one to the conclusion that nitrogen-fixing bac- 
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teria are present in the sea, especially in the bottom material and in 
connection with the phytoplankton and marine alge. Since these bac- 
teria require a source of energy for their development and since the 
marine humus is not available for this purpose, one would naturally 
expect to find them in places where energy is made available either 
through the growth of the chlorophyl-bearing forms of life or alnteE 
their death. 
Experimental 

The following experiments deal largely with the methods to be used 
for demonstrating the presence of nitrogen-fixing bacteria in the sea. 
In all cases the organisms must be allowed to develop on a favorable 
enrichment medium, containing an available source of energy and the 
necessary minerals which are either lacking in sea water or are present 
there in limited amounts. A presumptive test for the presence of non- 
symbiotic nitrogen-fixing bacteria in the enriched culture is the dem- 
onstration, by means of microscopic preparations, of the characteristic 
cells of the zrobic Azotobacter or the anerobic Clostridium pastoria- 
num. Confirmative tests are made by determining the increase in total 
nitrogen content of the medium; for full confirmation, however, the 
organism must be isolated in pure culture and its ability to increase’ 
the total nitrogen content of an artificial medium determined. 

The first experiment was largely of a preliminary nature, namely 
on the influence of the energy source upon the development of nitrogen- 
fixing bacteria in sea water media. One hundred-cc. portions of fresh 
sea water containing 0.05 per cent of K,HPO, were placed in a series 
of flasks and 1 per cent quantities of various energy sources added. 
Some of the flasks received 40 grams of moist sand and others did not. 
When glucose and mannitol were used as sources of energy, abundant 
gas formation and butyric acid development took place, within 4-10 
days in the flasks containing sand; this pointed to the development of 
anzerobic butyric acid bacteria. The sand-free flasks gave some growth, 
which was not typical, however, of nitrogen-fixing bacteria. In view 
of the fact that no CaCO, was added to the medium and that the reac- 
tion was changed to pH 5.44.4, due to acid production, the lack of 
Azotobacter development could be readily understood. When calcium 
acetate was used as a source of energy, active development of the an- 
eerobic Clostridium was accompanied by the growth of Azotobacter ; 
the final reaction of this medium was pH 7.4. Sterilization of the 
medium followed by inoculation with fresh sea water did not influence 
the development of the nitrogen-fixing organisms. 

In view of the importance of iron in the process of fixation of ni- 
trogen by Azotobacter, an iron-ligno protein compound (49) was also 
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added. The final basic medium adopted for these investigations con- 
sisted of : 

1000 cc. sea water 

0/5 eran le @y, 

0.5 gram iron-ligno-proteinate 

20 grams glucose, mannitol, or Ca acetate. 

The purpose of the next experiment was to establish the ability of 
the mixed bacterial population of the sea to fix nitrogen. One hun- 
dred cubic centimeter portions of ‘the above medium, prepared from 
fresh sea water, were placed in a series of 250-cc. Erlenmeyer flasks. 
Some of the flasks received 40-gram portions of sand, 2-3 grams of 
CaCO, and 2 grams of the energy source; some flasks received only 
CaCO, and the energy source, while some did not receive any CaCQ3. 
The cultures were incubated for 32 days and the nitrogen determina- 
tions made. 

The results presented in Table VII prove that sea water contains 
active nitrogen-fixing organisms. The presence of sand is not neces- 
sary to bring about their optimum activities. Glucose and mannitol 
were found to be usually better sources of energy than Ca acetate. The 
addition of CaCO, is necessary, when sugars are used, to neutralize the 


Tas_Le VII 


Nitrogen fixation in sea water with and without sand, with different carbon sources. 
Two grams of energy source used per culture. Cultures were incubated 32 days. 


Nitrogen fixed 


Sand present Energy source CaCOz added | Gas formation per culture 

mg. 
— Glucose 0 11.2 
— Glucose + 0 12.5 
_ Mannitol + 0.2 
— Mannitol ++ + 13.8 
— Ca acetate + 0.9 
— Ca acetate + Trace 2.0 
-- Glucose + 3.7 
+ Glucose + 0 8.2 
+ Mannitol + 4.8 
+ Mannitol + 0 8.6 
+ Ca acetate 0 3.1 
+ Ca acetate + 0 4.6 


acidity produced by the anzrobic organisms; the presence and activities 
of these are indicated by the abundant gas evolution. The crude cul- 
tures fixed appreciable quantities of nitrogen. The fixation of nitrogen 
was greatest in the presence of CaCO,, except in the case of those cul- 
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tures where lack of gas evolution pointed to the unfavorable conditions 
for the development of the anerobic bacteria; a good pellicle develop- 
ment of Azotobacter and accompanying forms always indicated abun- 
dant fixation of nitrogen. 

In order to test the presence and distribution of nitrogen-fixing 
bacteria in the sea, two types of media were used, one favorable for the 
development of anzrobic bacteria and one for the growth of zrobic 
organisms: 1. The medium previously described was prepared, and 
35-cc. portions, together with 10 grams of dry washed sand, were 
placed in large test tubes and sterilized for 15 minutes at 15 lbs. pres- 
sure; this medium was particularly favorable for demonstrating the 
presence of the anzrobic Clostridium in sea water and in sea bottom; 
the relative abundance of this organism was determined by the dilution 
procedure. 2. The silica-gel plate was utilized for the purpose of dem- 
onstrating the presence of zrobic nitrogen-fixing bacteria in the sea. 

The plates containing the gel (47) are placed in flowing tap water 
for 12-16 hours, to remove excess of chloride; they are then removed 
from the tap water and immersed in freshly boiled and cooled sea water, 
for 5-10 minutes. The excess of water is drained off and carefully 
dried off and the plates covered with sterile tops. A nutrient solution * 
is prepared so that when 2 cc. of this solution is added to a 100-cc. por- 
tion of silica gel, using a plate 15 cm. in diameter, the final medium will 
contain 2 per cent of the carbon source. Distilled water is used for 
the preparation of the nutrient solution. The plates are then exposed 
in a drying oven kept at 60° C. for a few minutes, until the excess of 
water has been removed. A thin layer of sterile CaCO, is powdered 
on the surface of the medium, the plates are covered with sterile tops, 
and are ready for inoculation. Special care must be taken in the prepa- 
ration of this medium, since an excess of salt or too thin a layer of 
medium will result in the rapid drying out of the gel and will prevent 
bacterial development. 

The cruise of the “ Atlantis ” in August, 1932, to the Gulf of Maine 
and George’s bank (50) presented a good opportunity for determining 
the presence of erobic and anzrobic nitrogen-fixing bacteria on the 
high seas, both in the sea water and in the mud. A series of tubes with 
sterile liquid medium and a series of plates with the silica-gel medium 
were taken aboard ship and inoculated with water and mud from the 
various stations, immediately after the samples were taken. It was 
demonstrated in a previous contribution (50) that there is a definite 
parallelism between the total numbers of bacteria in the water, as de- 
termined by the plate method, and the number of plankton organisms ; 


4 This solution also contained 0.05 per cent KzHPO, and 0.05 per cent iron 
lignoprotein complex. 


160 WAKSMAN, HOTCHKISS, AND CAREY - 


this was especially true of the phytoplankton. Whether the occurrence 
of Azotobacter in the sea has also a certain relation to the phytoplankton 
still remains to be determined. At the time of the cruise, there was 
comparatively little phytoplankton in the water. This may offer the 
explanation for the fact that not all the stations, especially the free 
water, gave evidence of Asotobacter growth. It may also be due to the 
fact that the silica gel medium used in this experiment was not quite 
favorable for the growth of the organism, as found later when the de- 
tails of the method were better understood. 

In the case of one station (1329), the surface layer of the marine 
mud gave an excellent growth of the typical Azotobacter chrodcoccum, 
using the silica gel plate. The liquid cultures showed marked differ- 
ences, when water and mud were used as inocula. When 1 cc. of sur- 
face water was added to the medium, good pellicle development took 
place; the pellicle contained typical Azotobacter cells, which were also 
accompanied by various other bacteria. In the case of one station 


TasLe VIII 


Fixation of nitrogen by crude culture of Azotobacter chroécoccum. 
Two-gram energy source. 


Nitrogen fixed 


Energy source Organism Medium Incubation per culture 
days mg. 
(Glucosenas. tee ees Control Silica plate 21 0.1 
Glucose de aa Azotobacter | Silica plate 21 5.4 
IMMEormttO, bo oo vecnce Azotobacter | Liquid medium 15 6.4 
Glucose............. ‘Azotobacter | Liquid medium 17 4.8 


(1331), samples of water were taken, by means of sterile glass tubes, 
at the surface of the water and at depths of 30, 50, 100, and 215 meters. 
Only the surface and the 50 meter samples gave pellicle formation on 
the liquid medium; the other samples gave no signs of growth. Very 
few of the samples of free sea water, obtained from the different sta- 
tions, brought about any gas formation or butyric acid production in 
the liquid medium, thus proving the absence of the anzrobic Clostridium 
in the free water. 

The liquid media inoculated with the mud samples gave abundant 
gas formation, the medium itself becoming decidedly turbid. A micro- 
scopic examination of the cultures showed the presence of Clostridium 
cells, especially when glucose was used as a source of energy. This or- 
ganism was always accompanied by other bacteria, usually small and 
large rods, some of which were spore-forming organisms. 

These results suggest that anzrobic nitrogen-fixing bacteria of the 


BACTERIA AND NITROGEN CYCLE IN SEA 161 


Clostridium pastorianum type are universally distributed in the sea 
bottom, but are present only to a very limited extent in the sea water. 
The erobic Azotobacter is also found in the sea, but much less fre- 
quently than the anzrobic Clostridium. Whether Azotobacter is less 
abundant in the sea or whether the media used for demonstrating its 
presence were not always sufficiently favorable for its development re- 
mains to be determined. Although there is no doubt that Clostridium 
finds its natural medium in the sea bottom, it still remains to be estab- 
lished whether Azotobacter is normally present in the sea water, in the 
plankton, on the surface of algal growth, or in the sea bottom. Benecke 
and Keutner, Issatchenko, and others found this organism on the sur- 
face of marine alge and suggested, therefore, its symbiotic existence 
with the latter; however, its presence on the bottom of the sea suggests 
also the possibility of its free existence, whereby the remains of algal 
and plankton growth are used as sources of energy. 

Various other bacteria were encountered in the nitrogen-free media, 
either accompanying Clostridium and Azotobacter, or even without 
these organisms; they consisted of different cocci and small rods, occa- 
sionally thread-like forms. Whether these bacteria are able to fix 
nitrogen or whether they play any part in this process at all still re- 
mains to be determined. 

In order to demonstrate the ability of the culture of Az. chroococ- 
cum obtained from the bottom mud of Station 1329, by the use of the 
glucose-silica-gel plate, to fix atmospheric nitrogen, the total nitrogen 
content of the gel in which this organism was growing was compared 
with that of a control plate. The crude culture of this organism was 
also inoculated into a 100-cc. portion of liquid medium containing 2 per 
cent of glucose or mannitol, incubated for 15-17 days and the amount 
of nitrogen fixed determined (Table VIII). The results obtained 
prove beyond any doubt the ability of the Azotobacter found in the sea 
bottom to fix considerable quantities of nitrogen in sea water media, in 
the presence of available sources of energy. 

The Azotobacter was later isolated free from the accompanying 
bacteria, as shown in Fig. 3. However, in view of the fact that the 
nitrogen-fixing organisms do not live in the sea in the form of pure 
cultures, but are present there as mixed populations, a knowledge of 
their ability to fix nitrogen in such a mixture is more important than 
that of a pure culture. 

Figures 1 to 8 show a group of preparations of bacteria isolatea 
from the nitrogen-fixing cultures in which sea water and bottom ma- 
terial of the Gulf of Maine were used. The Azotobacter produced on 
the silica gel plate a typical growth of Az. chrodcoccum, forming at first 
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a yellow pigment which later turned deep brown to black. The Clos- 
tridium produced abundant gas from sugars in liquid media. The abil- 
ity of the three small bacterial forms shown in Figs. 6, 7, and 8 to fix 
nitrogen has not been determined. They are common types which de- 
velop on nitrogen-free media inoculated with sea water or with sea 
bottom material. 

Although the results presented here are to be considered as prelim- 
inary in nature, they are quite sufficient to bring out the fact that nitro- 
gen-fixing bacteria, both of the erobic and anzrobic types, are com- 
monly found in the sea. There is no doubt that in the presence of an 
available source of energy and other nutrients, such as available iron 
and phosphate, they become active in the sea and are able to fix atmos- 
pheric nitrogen. 

A study of the relation of these bacteria to the phytoplankton and 
plankton residues on the sea bottom, the natural sources from which 
they derive their energy, would necessitate a study of the occurrence of 
Azotobacter at certain stations throughout the year. This, as well as 
further study of the relation of the nitrogen-fixing bacteria to the avail- 
able nutrients in the sea, changing conditions, season of year, depth, 
distance from shore, etc., are still problems awaiting further investiga- 
tion. For this purpose, the silica gel plate method seems to be ideal 
for the determination of the occurrence of Azotobacter, while the liquid- 
sand culture in the tube is very convenient for studying the abundance 
of Clostridium. 

SUMMARY 


1. A preliminary study has been made of the occurrence and activi- 


ties in the sea of bacteria concerned in the cycle of nitrogen in marine 
life. 


EXPLANATION OF PLATE 1 


Fic. 1. Mixed culture of Azotobacter and accompanying bacteria. Mud of 
Station 1329 inoculated on silica gel plate. > 1031. 

Fic. 2. Culture of Azotobacter on liquid media, isolated from sea water, ac- 
companied by short rod-shaped bacteria. > 1031. 

Fic. 3. Pure culture of Azotobacter isolated from sea water. X 1031. 

Fic. 4. Culture of Azotobacter isolated from mud of Station 1329 on silica- 
gel media and cultivated on nitrogen-free glucose media, showing granulation. 
< 1031. 

Fic. 5. Culture of Clostridium isolated from marine mud. Culture impure, 
unstained preparation. > 1031. 

Fic. 6. Thread-forming bacteria growing in nitrogen-free glucose media in- 
oculated with marine mud.  X 1031. 

Fic. 7. Spore-forming rod-shaped bacteria growing on nitrogen-free media. 
< 1031. 

Fic. 8. Spore-forming rod-shaped bacteria isolated from surface water in 
the Gulf of Maine (Station 1331) and grown on nitrogen-free mannitol media. 


x 1031. 
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2. Sea water, especially in the upper layers, is practically free from 
nitrifying bacteria or contains only very few cells. The activities of 
these organisms are limited almost entirely to the sea bottom. 

3. In order to demonstrate the presence of these organisms even in 
the bottom material, it is essential to use a medium containing a layer of 
sand or mud, so as to make conditions favorable for their development. 

4, It is comparatively easy to demonstrate the presence in the sea 
bottom of bacteria oxidizing ammonium salts to nitrite. It is some- 
what more difficult to establish the presence of nitrate-forming bac- 
teria; this can be done, however, if the sensitiveness of these organisms 
to the laboratory conditions is taken into consideration, especially nutri- 
ent concentration and period of incubation. 

5. Sea water and sea bottom contain an abundance of nitrate-reduc- 
ing bacteria. Most of these organisms, especially those present in the 
water, are able, however, to reduce the nitrate only to nitrite, but not to 
atmospheric nitrogen. 

6. Bacteria that bring about complete reduction of the nitrate are 
present largely in the sea bottom. In order to reduce the nitrate, an 
available source of energy must be present. The marine humus cannot 
be used to any great extent as such a source of energy. The plankton 
residues are used largely by those bacteria which consume the nitrate 
and transform it into organic nitrogenous compounds. 

7. The conclusion is reached that, even if denitrifying bacteria are 
present in the sea, their activities are so limited under marine conditions 
as to render them in most instances of little importance in limiting the 
nitrate supply of the sea. 

8. The sea contains an abundant population of nitrogen-fixing bac- 
teria. The zrobic Azotobacter is largely found in the water and in the 
surface layer of the marine bottom, while the anzrobic Clostridium is 
present in the sea bottom. 

9. In the presence of a favorable source of energy, the marine ni- 
trogen-fixing bacteria are capable of fixing appreciable quantities of 
nitrogen. It still remains to be determined, however, to what extent 
this process actually takes place in the sea. 

10. The bacteria concerned in the transformation of nitrogen can 
be tentatively distributed among the plankton and the sea bottom, the two 
major seats of bacterial activities in the sea, as follows: the nitrifying 
bacteria live largely on the sea bottom; of the nitrate-reducing bacteria, 
those forms which reduce nitrate to nitrite live both in the water and in 
the bottom, while the true denitrifying bacteria live largely on the bot- 
tom; of the nitrogen-fixing bacteria, the zrobic forms live both in the 
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water and on the bottom, while the anzrobic forms live largely in the 
bottom material. 
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JOHN H. WELSH 


ZoOLocicAL LABporaTory, Harvarp UNIVERSITY, AND THE Woops Hote 
OCEANOGRAPHIC INSTITUTION 1 


I 


The effect of light on animal behavior has attracted the attention 
of biologists for many years. One phase of the general problem, 
namely the photokinetic effect of light, has been studied to a less extent 
than orientation and the factors determining the phototropic condition 
of organisms and many questions regarding this phase of photic 
behavior remain to be answered. ‘The first and most important of these 
is whether or not intensity of illumination does actually influence the 
speed at which an animal moves toward or away from a source of 
illumination. Some of the evidence has already been reviewed by 
the author (Welsh, 1932a). In the same paper and in additional work © 
it has been shown that in a light-sensitive organism, which moves by 
means of muscles, the extent of muscular activity bears a very definite 
relationship to intensity of illumination. ‘This is not in agreement with 
work of Mast (1923), and Dolley (1917), but does agree with the results 
of most investigators and seems reasonable in the light of what we 
know regarding the response of the receptor-muscle system to light. 
It is not as evident that light intensity has a similar effect on organisms 
which move by means of cilia or flagella. Observations on such forms 
indicate that there is no effect of luminous intensity on speed of pro- 
gression. Directional light, however, does influence orientation in these 
animals and it is difficult to determine whether slight changes in rate 
are due to deviations from a straight path or to changes in amplitude 
and frequency of ciliary movement. It seemed desirable to search 
for forms which move by means of cilia and which, after primary 
orientation, proceed in a straight line. A study of such forms should 
indicate whether or not their speed of progression is a function of the 
intensity of illumination. 

In the course of some work at the Woods Hole Oceanographic 
Institution there was an opportunity for such an investigation and a 


1 Contribution No. 21 from the Woods Hole Oceanographic Institution. . 
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survey was made of the effect of light intensity on the activity of a 
number of marine invertebrates. The results indicate that the extent 
of ciliary activity is not a function of the amount of light energy 
reaching the organism as is true of the activity of locomotor muscles. 


II 


Among the animals used in the investigation were two species of 
small marine turbellarians, one of which was identified as Plagiostomum 
sp.; the other has not yet been identified. These were obtained largely 
from Ulva where they were found moving over the surface of the alga. 
They both orient by means of muscles but after primary orientation 
cilia alone seem to be concerned in locomotion. One important dif- 
ference made these animals particularly valuable for purposes of 
comparison. Plagiostomum tends to be free-swimming and the path 
through which it moves is not straight, while the unidentified form 
always moved in contact with the substrate and its path was a nearly 
perfect straight line. Columbella lunata, a small gastropod, also moves 
by means of cilia. Orientation again involves muscles but they appear 
to play no part in forward locomotion. Arenicola larve were also 
used but the spiralling of this form made it difficult to distinguish 
between orientation effects and any change in extent of ciliary activity. 

Among the animals observed which move by means of appendages 
operated by muscles were larve of Pinnotheres maculatus, Hippa tal- 
poida, and stomatopod larve, probably of Squilla empusa. The copepod 
Centropages typicus and small specimens of Limulus polyphemus were 
also used. All of these forms, at the age used, were positive to light 
with the exception of Limulus which was negative. 

The experiments were carried on under carefully controlled condi- 
tions. The animals were placed individually in a glass trough, 30 cm. 
in length, with the bottom marked in centimeters. This trough was 
partially submerged in a water bath maintained at 21.3° C. Light 
reached the animals through windows in opposite sides of the tank. 
The light sources were two ribbon filament lamps arranged to give an 
even illumination of nearly parallel rays in the mid-region of the trough, 
the illumination from one lamp being 1500 foot candles at this point 
and from the other 7.5 foot candles. These intensities were selected 
after numerous tests on different species had shown that the intensity 
of 1500 foot candles was higher than that necessary to elicit a maximum 
speed, while 7.5 foot candles fell within the range of intensities to 
which these same organisms showed a change in speed of progression 
(e.g. Pinnotheres larve, Welsh, 1932a; Umionicola, Welsh, 1932b). 
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Both lamps were operated from a three-way switch so that one was 
turned off as the other was turned on. 

The animal under observation was adapted to the temperature of 
the sea water in which it was placed and then timed while traversing 
the middle 10 cm. of the trough. Ten trials were made for a given 
animal at each of the two light intensities, and the times were averaged. 
The results are shown in the following section. 


IMU 


For an analysis of the findings the animals may be divided into 
three groups according to their methods of locomotion and the extent 
to which orientation may affect the apparent velocity of forward pro- 


TABLE I 


The effect of light intensity on the speed of forward progression of animals moy- 
ing by means of locomotor appendages operated by muscles. 


I = 1500 ft. candles = 7.5 ft. candles 
Animal 
Time for Time for 
travelling P. E. travelling P. E. 
10 cm. 10 cm. 
seconds seconds 
Pinnotheres larva............. 6.6 +0.13 14.1 +0.47 
np pa lanVvia c= Ais Gem elses: 4.5 0.06 11.1 +0.16 
Squillatlarvale so 50 oo ee 4.9 +0.45 11.3 +0.66 
TG rer laS Pe cekeecees se eae a a eects eee 5.4 +0.05 7.4 +0.25 
Centropages fe eae 4.4 +0.22 8.5 +0.77 


gression. We may place in the first group those animals which move 
by means of locomotor appendages operated by muscles; in the second 
group animals moving by means of cilia and exhibiting considerable 
variation from a straight path in directional light; and in the third 
group animals moving by means of cilia and progressing in a straight 
line in directional light. 

Table I gives the average times, with their probable errors, for the 
first group. The results indicate that light intensity greatly influences 
the speed, as the times for travelling 10 cm. at the lower intensity are 
over twice as great as those at the higher intensity in all instances but 
one. This indicates that the frequency and amplitude of movement 
of the locomotor appendages must increase with an increase in intensity, 
as is true for Unionicola (Welsh, 1932b). This may be accounted for 
by assuming a more rapid decomposition of photo-sensitive material in 
the photoreceptor as shown by Hecht (1920), followed by a greater 
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frequency of discharge over sensory tracts from the eye (Hartline and 
Graham, 1932), and finally more muscle fibers of the locomotor ap- 
pendages being stimulated by discharge of motor nerves. Throughout 
this system thresholds of receptors, conductors, and effectors may be 
involved as well as frequency of discharge of the nerves, and it is 
readily apparent that the amount of light energy reaching the organism 
might well be expressed by the degree of activity of locomotor struc- 
tures, and hence the speed at which the animal travels. 

Table II gives the times for traversing 10 cm. for three different 
animals belonging to a species of Plagiostomum, and for a larva of the 
lug-worm Arenicola. In both forms cilia are involved in forward 
locomotion but there are considerable deviations from a straight path 


TABLE II 


The effect of light intensity on the speed of forward progression of animals moy- 
ing by means of cilia and exhibiting considerable variation from a straight path in 
directional light. 


I = 1500 ft. candles I =7.5 ft. candles 
Animal 
Time for Time for 
travelling P. E. travelling 12, 13, 
10 cm. 10 cm. 
seconds seconds 
ilagiostomium (1)... 0254... 52.6 +2.83 61.8 2.75 
Plagiostomum (2)............ 33.9 +0.84 37.7 +0.65 
Plagiostomum (3)............ 35.8 +1.80 42.6 +1.03 
Arenicola larva............... 78.5 +1.02 123.5 + 5.6 


even in progression toward a light of high intensity. The times for 
travelling 10 cm. at the lower intensity are greater than those for 1500 
foot candles, but in the case of Plagiostomum the difference is not large 
and there is no agreement between the average times and their probable 
errors as is shown in Table I. The probable error in each instance is 
less for the lower intensity than for the higher. It seems in the case 
of Plagiostomum that the difference in times at the two intensities 
might be accounted for by the deviations from a straight path which 
are greater at the lower of the two intensities. These deviations involve 
muscular bending of the body which helps in no apparent way with 
forward progression. 

In the case of the Arenicola larva the difference in times at the two 
intensities is proportionally greater than that for Plagiostomum but the 
deviations from a straight path were more pronounced. At the lower 
intensity the degree of spiralling increased and also an up and down 
movement was more noticeable. ; 
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Now if we examine the results from another turbellarian and from 
Columbella lunata (Table III), it is seen that intensity of illumination 
has no effect on the speed of progression. In these forms, as stated 
previously, muscles play an important part in orientation and the angle 
of turning bears a definite relationship to the luminous intensity. After 
orientation, however, the movement toward the light was a smooth, 
gliding one, and the deviations from a straight path were negligible. 
While there was considerable variation in the speed of different animals 
of the same species, the speed of any particular specimen was quite 
uniform, and this was true irrespective of light intensity. 

These results would indicate that the beat of cilia is not affected by 
light intensity as is the frequency and amplitude of movement of loco- 


TABLE III 


The effect of light intensity on the speed of forward progression of animals mov- 
ing by means of cilia and progressing in a straight line in directional light. 


I = 1500 ft. candles I = 7.5 ft. candles 
Animal ‘ 
Time for Time for 
travelling 12. 12, travelling 12. 1D, 
10 cm. 10 cm. 
® seconds seconds 
Turbellarian sp. ? (1)......... 49.5 +0.57 50.1 +0.50 
Twirloellizueein So, 2 (Qyaegasesce 89.1 +2.63 89.6 | +2.48 
Turbellarian sp. ? (3)......... 37.9 +0.28 37.4 +0.44 
Goltimibelllay seats cee ee Wee 80.2 +2.15 81.2 +2.42 


motor muscles. These two types of effectors are quite different in 
their behavior to stimuli other than light, and there is no known 
mechanism whereby the amount of light energy reaching the photo- 
receptors might be realized by the cilia except in an indirect way. 


IV 


The results obtained on animals progressing by means of cilia are 
in agreement with those of Holmes (1903), and Mast and Gover (1922) 
obtained on flagellated forms, but they indicate that the laws governing 
these forms cannot be applied to forms such as the arthropods which 
move by means of appendages operated by muscles. 

In the case of planaria there is an apparent effect of light on speed 
of progression (Parker and Burnett, 1900; Pearl, 1903; Walter, 1907), 
but in these animals, according to Stringer (1917), locomotion is 
essentially a muscular act in which cilia play no necessary part. Evi- 
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dently only in the smaller turbellarians do cilia function as important 
locomotor structures. This is probably also true of the gastropods. 

The observations of Umeda (1927), Wharton (1931), and Lucas 
(1933), as reported by Lucas, concerning the effect of light on ciliated 
epithelium, are of interest in this consideration although they are some- 
what contradictory. Lucas (1933) found that in ciliated epithelium 
from the frog, quiescent cilia were sometimes made active by illumina- 
tion. He reports in the same paper that Umeda obtained similar results 
from illumination with light of long wave lengths. Wharton (1931), 
however, in studying cilia of the tracheae, found that light had an 
apparent inhibitory effect on the beat of the cilia. AAs the present writer 
is not familiar with the experimental technique used by these investi- 
gators it is not possible to comment on the results. It is difficult to 
conceive of light, dissociated entirely from heat, having a direct effect 
on the activity of cilia of ciliated epithelium although such an effect 
may be possible. This problem would seem to be worthy of further 
investigation. 

It seems safe to conclude from the evidence at hand that the activity 
of locomotor muscles of certain animals, and hence the speed of pro- 
gression of these forms, is a definite function of the intensity of il- 
lumination over a given range, while the activity of cilia, and speed of 
animals moving by means of cilia bears no such relation to light intensity. 


SUMMARY 


The results obtained from a study of the effect of intensity of 
illumination on the speed of progression of a number of marine inver- 
tebrates indicate that the activity of locomotor appendages, operated by 
muscles, is a function of the luminous intensity and that the animals 
move faster in light of high intensity than in light of low intensity. 
This, however, is not true of animals moving by means of cilia, for 
such animals, provided they move in a straight line in directional light, 
show no change in speed and hence no change in ciliary beat as the light 
intensity is varied. 
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CONGHOREMAIRKIUS: CARYOCLADA) SEY aNOVE 
CPROUOZ OE, (CMLIva IMs’) 


GEORGE W. KIDDER 


DEPARTMENT OF BrioLoGy, COLLEGE OF THE City oF NEw YorK 


During the month of August, 1932, the writer noticed a large holo- 
trichous ciliate in the mantle cavity of the edible clam, Siliqua patula, 
taken from the sandy beach at Seaside, Oregon. After studying its 
general morphology it was decided that it was a hitherto undescribed 
species of the genus Conchophthirius. Because of its characteristically 
branched macronucleus it will be referred to as Conchophthirius caryo- 
clada. . 

The methods used in this study are, in general, those described in 
an earlier work on this genus (Kidder, 1933a). Observations were 
made on both living and stained material. 

The clams were found to be only lightly infected and while from the 
majority two or more ciliates were obtained the material was limited. 
No cases of binary fission or conjugation were found. 

A study of the general morphology of C. caryoclada shows it to be 
nearly oval as viewed from the dorsal or ventral side. The size ranges 
from 140, to 250, in length and from 90, to 160, in width. In 
lateral view it is extremely thin and leaf-like, the dorso-ventral axis not 
exceeding one-eighth that of the lateral axis. The body is covered with 
fine cilia originating in basal bodies arranged in closely set rows. ‘The 
cilia of the anterior region are slightly more numerous and are shorter 
than those of the posterior region. The ciliary rows follow the contour 
of the body, being nearly parallel on the ventral surface. On the dorsal 
surface the rows of cilia converge at the cytostome somewhat in the 
manner of a whorl (Fig. 1). 

The cytostome is small and situated in the posterior fourth of the 
body on the dorsal side, about midway between the lateral edges. The 
two edges of the cytostome are supplied with longer cilia that beat into 
the opening (Fig. 1). These cilia are separate and do not form a mem- 
brane. There is no deep peristomal groove opening into the cytostome 
as is found in C. mytili (Kidder, 1933a), but the right end of the cyto- 
stome is pointed and continues into a narrow furrow (Fig. 1, per. f.). 
This furrow proceeds to the right lateral edge in an anterior direction, 
spirals around the edge to the ventral side and appears to be continuous 
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with the thin anterior field (Fig. 2, ant. f.) The anterior field ends on 
the ventral surface near the left lateral edge not far from the anterior 
end. This corresponds in position to the anterior fiber of C. mytili 
(Kidder, 1933a) and to the anterior field of Ancistrwma (Kidder, 
1933) as the ciliary rows originate along this line. 

The body is covered with a rather thick, clear pellicle that is semi- 


rigid. No body contraction was observed although the ciliate will flex 


somewhat in its creeping movements. The clear ectoplasm contains 
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Fic. 1. Conchophthirius caryoclada. 


Dorsal view. Bouin fixation; Heiden- 
hain’s hematoxylin stain. 


<< 400. Abbreviations: mac., branched macronucleus; 
mic., micronuclei; per. f., peristomal furrow; trich., trichocysts. 


many rodlike bodies which appear to be trichocysts (Fig. 1, trich.). 
However, I have never been able to cause them to explode. 

The endoplasm is finely granular and clear. Numerous food vacu- 
oles appear in the posterior and middle region. These vacuoles are 
filled, for the most part, with algae taken from the water of the mantle 
cavity of the host. I found no host cells in these vacuoles and there- 
fore I am inclined to regard the ciliate as a harmless commensal and not 
as a parasite. 


Many clear vacuoles appear in the posterior region. Whether or 
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not these are contractile vacuoles cannot be stated at this time as no 
contraction was observed. 

The macronucleus is located in about the mid-region of the body and 
slightly toward the right side (Fig. 1, mac.). It is very branched, the 
branches extending laterally from the central stem. The pattern of 
branching varies greatly in different individuals. The macronucleus is 
single, all of the branches being enclosed in a continuous membrane. 
The chromatin is densely granular and evenly distributed. 


ijn 


S 


SS 


NS 
ios 


WG 


WEL 


Nitsa ance sr i 
) Nn Fai i mi) ci 


Fic. 2. Conchophthirius caryoclada. Ventral view. The thin anterior field, 
ant. f., is seen at the anterior end of the body. The peristomal furrow and the cyto- 
stome are visible through the body. The chromatin of the macronucleus appears to 
be coarsely granular. Bouin fixation; Delafield’s hematoxylin stain. > 400. 


One or two micronuclei (usually two) are found in the anterior 
endoplasm near the macronucleus. They appear as dense spheres of 
chromatin surrounded by a clear area (Fig. 1, mic.). In a few forms 
no micronuclei could be found but this was probably due to the obscuring 
effect of the profusion of food inclusions. 

The dorso-ventral flattening seen in the case of all members of the 
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genus Conchophthirius is carried to the extreme in C. caryoclada. In- 
deed, so flat is this ciliate that its adhesive powers make it exceedingly 
difficult to pick up from the bottom of the glass container. The migra- 
tion of the mouth has progressed much farther than in C. myytili so that 
it has come to lie on the posterior dorsal surface. This position appears 
to be exceedingly advantageous, as very little if any food material could 
be taken into a ventrally located mouth, so closely is that surface applied 
to the substrate. 

Conchophthirius caryoclada is unique among the members of the 
genus in possessing a ramifying macronucleus. It is similar to those of 
Rhizocaryum concavum (Caullery and Mesnil, 1907) and Mrazektella 
nucleoramiformuis (Kijenskij, 1925). These ciliates are astomatous 
endoparasites. I know of no other stomatous holotrich in which the 
macronucleus shows this form of branching. 
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PRP ECRS OhwiEhiIPDR ATURE ON PRODUCTION OF 
MOSAICS IN HABROBRACON 


RAYMOND J. GREB 


UNIVERSITY OF PITTSBURGH 


It has been shown that male mosaics of Habrobracon juglandis 
(Ashmead) arise as a result of egg binuclearity, two odtids with differ- 
ent genes taking part in development (Whiting, 1924). Gynandro- 
morphs also arise in a similar way except that one of the oodtids is 
fertilized (Whiting and Stancati, 1931). 

Ordinarily, mosaics occur infrequently in Habrobracon. While 
making certain linkage tests, the author found that crosses involving 
shot vein, sv (wings), stock females, yielded an unusually large number 
of mosaic males. Subsequently, this stock was used in an experiment 
showing that mosaicism could be increased by X-radiation (Greb, 
IESE 

Previous work on mosaics of other Hymenoptera has been mainly 
descriptive. G. A. Rosch (1926 and 1928) reported temperature ex- 
periments with the honeybee and suggested that eggs exposed to low 
temperatures produce an increased number of gynandromorphs. Bee 
breeders in general seem to agree that a lowering of the temperature 
in a hive will result in the appearance of a greater number of individuals 
mosaic for sex. 

The present work was undertaken to determine whether different 
temperatures might not have an effect on the ratio of mosaic production 
in Habrobracon, and if so, what temperature would produce the greatest 
number of these individuals. 

Shot vein stock was derived by mutation from Minnesota yellow, 
My (base of antennz), stock during the summer of 1930 and has been 
kept as a pure line since that time. Since this stock gave a higher 
ratio of mosaics than is usually obtained, it was utilized in these experi- 
ments. Shot vein females were mated to ivory, o' (eyes), stumpy, st 
(legs), males. If, in an F, female, a binucleate egg occurred in which 
the two ootids carried different genes affecting eyes, wings, or legs, 
individuals from such eggs could be recognized. About half of the 
F, females from each fraternity were treated experimentally; the re- 
mainder were kept as controls. The latter were always reared at the 
usual breeding temperature, 30° C. 
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The method of procedure for the temperature experiments may be 
briefly summarized as follows: 


Experiment A 


The experimental F, females were subjected to a temperature of 
5 to 10° C. in an electrical refrigerator for one hour. After treatment 
they were kept at room temperature for about an hour to allow them 
to recover. They were then given caterpillars and kept at 30° C. 
until time of transfer—four days. At this time the females were 
transferred into new vials, cooled as before, given time to recover and 


TABLE I 


Effects of Various Temperatures on Ratio of Mosaics 


Progeny 
Experiment St ae ae 
2 © | & & 
—~ —™ Mu- 
Reg- | gq} Per SS Differences ta- 
ular cent tions 
Treated 5°-10°C....| 78 | 895] 2 |1676) 8 | .4755+.1683 0 
4| .0888+.2289 
Controls 30°C....} 67 | 981} 2 |1543 6 | .3885+.1583 1 
Treated —14°-10° C.|147 |1892 | 5 |2526|) 9] .3563+.0799 f 0 
a .0336+.1106 
Controls 30° C...../115 |1779 | 4 |2499| 8 | .3227+.0765 0 
Treated 18°-20° C...|192 | 691] O |1762|] O | .0000+.0000 0 
c| .2675+.0831 
Controls 30° C...}118 }1167 | 2 |2242] 6] .2675+.1090 1 
Treated 35°-37° C.. .|107 }1171 | 5 13761 | 38 |1.0137+.1101 : 1 
>| .7356+.1236 
Controls 30°C...} 95 1562 | 3 13989) 11 | .2757+.0560 2 
E. Treated 35°-37° C.. .|144 0} 0 |4900 | 37 .1636 —— 0 


The symbol iG has been suggested to 9 designate male mosaicism and the 
symbol & 3 to designate female mosaicism; or o = gynandromorph. 


then set with caterpillars for another four days. This procedure was 
continued for four consecutive treatments. Offspring were reared at 
30° C. Results are given in Table I. 


Experiment B 


The treatment in Experiment B was the same as above except that 
the test females were subjected to — 14 to —10° C., likewise in an 
electric refrigerator. This was the extreme low temperature obtainable 
in the ice cube chamber. The exposure was continued for one hour 
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at times of first two treatments and for thirty minutes at last two. It 
had been found that a third one-hour exposure to this low temperature 
was too severe, killing many of the preliminary test females. Results 
are shown in Table I. 


Experiment C 


Experimental F, females were given caterpillars and placed in an 
incubator in which a temperature of 18 to 20° C. was maintained. This 
temperature was kept constant by placing an incubator with an electric 
bulb and an automatic thermostat in an electric refrigerator. Transfers 
were made only about every twelve days since all the activities were 
slowed down by the low temperature and the young larve did not 
appear until about the twelfth day. At this time the females were 
transferred to new vials with fresh caterpillars and returned to the low 
temperature incubator. The developing larve were reared at the usual 
breeding temperature (30° C.). It was possible to make, on the 
average, only three transfers before the females died. Consequently, 
more females had to be kept at this temperature in order to obtain good 
numbers. Results are recorded in Table I. 


Experiment D 
A high temperature experiment was made with conditions similar 
to the last experiment except that the test females were kept in an 
incubator in which a temperature of 35 to 37° C. was maintained. 
Every fourth day the females were transferred to new vials with fresh 
caterpillars and returned to the high temperature incubator, while the 
vials of larve were set at 30° C. Results are summarized in Table I. 


DISCUSSION 


Mosaicism 


Data presented in Table I (Experiments 4 and 6) show that short 
time treatments with very low temperatures do not appreciably change 
the rate of production of male mosaics or of gynandromorphs in 
Habrobracon. In case treatments were effective, we would expect 
both types of mosaics to vary in the same direction, since they come 
from binucleate eggs. 

G. A. Rosch (1926 and 1928) reports results of short time cold 
treatments on newly laid eggs of the honeybee. By this means he 
obtained a number of gynandromorphs. However, he was not pri- 
marily interested in ratios, and consequently he gives no data regarding 
controls. Numbers of gynandromorphs vary irregularly with duration 
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and intensity of treatment, making it impossible to derive any definite 
conclusions regarding effects of temperature. 

Habrobracon females kept always at a low temperature of 18 to 20° 
C. produced no male mosaics or gynandromorphs. It was thought that 
constant cold might slow down maturation movement within the egg in 
such a way that development would more frequently start from a 
binucleate egg. However, this certainly did not occur. There was no 
evidence of development from binucleate eggs, while sister females 
kept at 30° C. produced usual percentages of mosaic males and gynan- 
dromorphs. 

A higher temperature (35 to 37° C.) than standard, approaching 
the upper survival limit for Habrobracon, did increase the rate of pro- 
duction of binucleate eggs to nearly four times that found among con- 
trol males (see Table I, Experiment D, for ratios and differences). 
Calculations also show that the percentage of gynandromorphs among 
individuals from fertilized eggs is greatest at this temperature, the ratio 
being significantly different from the same ratio in the control group 
(percentage of gynandromorphs among individuals from fertilized eggs: 
treated, .4269 + .1428; controls, .1914 + .0745; difference, .3355 + 
1218). Not a slowing down but a speeding up of maturation processes 
is required to obtain a large number of binucleate eggs in Habrobracon. 

Recently another experiment was run at the same high temperature 
(Experiment E, Table 1). No normal temperature control was run 
since the experiment was not planned to deal with ratios. However, 
results are consistent in showing that high temperature increases the 
number of individuals of binucleate egg origin. The ratio of mosaics 
is lower than that in Experiment D, probably because a new factor, 
honey body color, had been introduced into the ivory stumpy males. 

Anna R. Whiting and Carey H. Bostian (1931) obtained a ratio of 
one mosaic among 1457 males (total count 6 among 8/41) from di- 
heterozygous mothers. In the experiments discussed here ratios of 
mosaics vary from approximately one in 260 males (Experiment 4) 
to one in 370 males (Experiment C) in the control groups, which may 
be taken to indicate the range to be expected under normal conditions 
from the particular cross used. Temperature treatment broadens this 
range. Constant cold reduces the number of mosaics to zero while 
high temperature causes one out of about every 100 eggs to develop 
into a mosaic. 

Percentage of gynandromorphs, as is expected, varies in the same 
direction as percentage of male mosaics. Among the controls, this 
range is one gynandromorph in 585 (Experiment C) fertilized eggs to 
one in 492 (Experiment 4). Females exposed to constant cold pro- 
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duced no gynandromorphs among 691 offspring from fertilized eggs 
while those exposed to high temperature produced about one gynan- 
dromorph in every 235 fertilized eggs. 

A comparison of the above ratios shows that there are always re- 
corded proportionally fewer gynandromorphs than mosaic males. Both 
come from binucleate eggs but criteria for distinguishing the two are 
different. Since sex differences involve most regions of the body— 
antenne, ocelli, wing size, abdominal sclerites and genitalia, as well as 
general body pigmentation, a gynandromorph would be more easily 
recognized than a male mosaic for some trait affecting a limited region 
such as eyes or wings. Since polyspermy occurs in eggs of Hymenop- 
tera, fertilization of both nuclei of a binucleate egg would presumably 
lead to the production of a female rather than a gynandromorph. 

Goldschmidt (1931), in his work on Bombyx mori L., obtained a 
large number of individuals (mosaic males, mosaic females, and gynan- 
dromorphs) which must have come from binucleate eggs in which both 
nuclei had been fertilized. Sex determination is different in Bombyx 
than in Habrobracon and both nuclei must be fertilized in order that 
an individual can be developed. 

An effort has been made to obtain mosaic females in Habrobracon. 
Females heterozygous for shot vein, ivory, honey, and stumpy were 
mated to shot vein, ivory, honey, and stumpy males. It was hoped that 
the two ootids of a binucleate egg, differing by at least one factor, would 
be fertilized by recessive sperm and that a female mosaic would appear. 
The 69 females set produced: 692 females, 2 gynandromorphs, 880 
males, and 2 mosaic males. No female mosaics were observed. How- 
ever, the numbers are small and further tests must be made to determine 
whether polyspermy may not occur in binucleate eggs in Habrobracon. 
Two gynandromorphs with patroclinous male parts have been interpreted 
as being derived from binucleate polyspermic eggs (Whiting, 1931). 

An individual was recently found by Magnhild Torvik Greb. which 
can best be explained by assuming polyspermy in a binucleate egg. The 
individual is a female having left antenna aciform, right antenna type, 
left ocellar patch different in pigment from right and left gonapophysis 
shorter than right. Aciform, ac, causes reduction of diameter and often 
fusion of segments of approximately one-third of the antennz at the 
distal end. It also reduces the size of the sensory gonapophyses, usually 
causing asymmetry. In this female, the left antenna was modified aci- 
form, only the most distal segments being affected and these but very 
slightly—probably due to the fact that type tissue was also present. The 
genitalia were asymmetrical, the shortened gonapophysis being on the 
side with the aciform antenna. However, it cannot be definitely stated 
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that the genital region is mosaic. This mosaic female appeared in a 
fraternity from a mother heterozygous for aciform which had been 
mated to an aciform male. Its mosaicism may be explained by assuming 
polyspermy and that the two oodtids of a post-reduced binucleate egg 
(one carrying aciform, the other the normal allelomorph) were fertilized 
by sperm carrying the recessive aciform. Thus we could obtain a fe- 
male, part aciform and part type. 


Sex Ratios 


X-radiation of mated females has been shown to affect sex ratio of 
their offspring as well as their fecundity (Whiting, 1929; Bostian, 
1931). X-radiation increases rate of appearance of mosaics. It 
seemed possible that high temperature, which also increases the ratio 
of mosaics, might similarly affect sex ratio and fecundity. 


TaBLe II 
Sex Ratio in Bisexual Fraternities 
Progeny 
Experiment ae Pn 
ota 
ie |arel| ole)| Rages | one eee 
mother 
ae HOEK Oh) ee ey Vale 61/1100] 2 | 895 44.9 18 33 
A 
Controls) -S07C. 2 oa ke 53 | 983] 2 | 981 50.0 19 37 
ce = (4107 sees 140 |2469 | 6 {1892 43.5 17 30 
B 
Controls; 3036s... ess ae 107 |2226| 4 |1779 44.6 19 37 
a 18°-20° C...........| 111 }1101 | 0 | 691 38.6 10 16 
C 
Controls ZOMG reece 78 11663 | 2 |1167 41.2 21 36 
Le SOSH Curae et 76 11966 | 5 |1171 37.3 26 41 
D 
Controls SO REC Roe ei. 65 12187 | 3 1562 41.6 34 58 


A summary of offspring in bisexual fraternities is given in Table II. 
This summary brings out the fact that in all temperature experiments 
percentage of females is slightly lower among the offspring from treated 
than among the offspring from control females. 


Fecundity 


Fecundity of females, however, is more dependent upon temperature 
than is sex ratio. Again treated females always produced fewer off- 
spring per mother than control females but all treatments did not have 
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quite the same effect. The fecundity of the treated females in Experi- 
ment A was slightly decreased as compared with that of its control fe- 
males. In Experiment B, there was a marked decrease in the number 
of offspring from treated as compared with offspring from controls. 
The very high temperature, Experiment D, reduced the fecundity by a 
little less than a third while the constant cold temperature decreased it 
by more than one-half. 

Constant cold and extreme heat both had very significant effects on 
fecundity though they apparently acted in different ways. Cold acted 
by slowing down all the activities of the adult wasps thereby decreasing 
the rate of egg production. Cold also kept many of the eggs that were 
laid from hatching and killed many of the young larval wasps. Heat 
treatment apparently had little or no effect on rate of egg production. 
It affected the young, the consequences being especially noted in the 
pupal stage. There were many naked pupz and many dead in the 
cocoons. : 


Anomalous Types 


During the course of these experiments five mutant individuals were 
observed—each in a different fraternity. Four carried recurrent muta- 
tions to orange—a not infrequent mutation—from mothers heterozygous 
for ivory, Oo', an allelomorph of orange (Whiting, 1932, p. 297). 
These occurred in the controls. The fifth was at first mistaken for a 
gynandromorph with a female head and a male abdomen. However, the 
individual mated with a female and the trait, called gynoid, gy, was 
inherited as though due to a simple recessive factor. Gynoid males 
have female-like antennz and abdominal sclerites. Homozygous gynoid 
females are indistinguishable from type. The first gynoid male, the 
mutant, appeared in the first of three vials of offspring from a heat- 
treated female (Experiment D, Table I). 

Numerous other anomalous individuals were noted. Wasps with 
one large medial eye, “cyclops,” were rather frequent among offspring 
from mothers treated with high temperature. . 


SUMMARY AND CONCLUSIONS 


1. Short time exposure of heterozygous females to extreme cold did 
not significantly affect rate of production of male mosaics and gynandro- 
morphs. 

2. When such females were placed at a constant low temperature 
no mosaic offspring appeared. 

3. Females kept at 35 to 37° C. produced a significantly greater 
number of such individuals than appeared in any other case. 
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4. Temperature treatment of mated females slightly affects the sex 
ratio of offspring, the most significant decrease in female ratio being 
observed at constant low or high temperatures. 

5. Temperature treatment affected fecundity although short time 
exposure to cold had only a slight effect. Constant high temperature 
decreased fecundity by a little less than a third and constant low tem- 
perature lowered it to less than half that of the control wasps. 


The writer wishes to render grateful acknowledgment to Professor P. W. 
Whiting, under whose direction the work was done, and to express his obligation 
to Professor R. T. Hance, who, as the head of the department, cooperated gen- 
erously in supplying laboratory space and equipment. The grant to Dr. Whiting 
by the Committee on Effects of X-radiation on Living Organisms (National Re- 
search Council) made much essential technical assistance available. 
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THE DIFFERENTIAL EFFECT OF ENVIRONMENTAL 
FACTORS UPON MICROBRACON HEBETOR SAY 
(HYMENOPTERA: BRACONIDA) AND ITS 
HOST EPHESTIA KUHNIELLA ZELLER 
(LEPIDOPTERA: PYRALIDA). I 


NELLIE M. PAYNE 


(From the Zoological Laboratory, University of Pennsylvania) 


INTRODUCTION AND LITERATURE 


A change in environment either physical, as temperature, light, or 
humidity, or biological, as the introduction of a new parasite, a 
predator, or a disease, may upset the equilibrium established between 
host and parasite. Certain conditions may favor the host; others, 
the parasite. Escherich and Miyajima (1911, 1912) described an 
interesting relation between the polyhedral disease in the nun moth, 
Porthetria monacha Linn., and weather changes. The latent form of 
the disease developed into the chronic, fatal form when nun moth 
larvae were exposed either to bright sunlight or to decrease in tempera- 
ture. Field studies showed that outbreaks of the disease were corre- 
lated with sudden changes in weather. Rizicka (1924, 1925) found 
that there was a periodicity in the outbreaks of the nun moth and 
that these outbreaks were associated with sun spot cycles. Weather 
cycles affected the parasites more than the hosts. If the spring 
temperature is high and the humidity low, the host is favored; if the 
spring temperature is low and the humidity high, the parasites. Both 
Tachinidae and fungi, parasitic on Porthetria monacha Linn., are 
favored by the same factors of high humidity and low temperature. 

One of the most carefully studied cases of the differential action of 
environment on host and parasite is that of the ‘“‘green bug”’ or grain 
aphis, Toxopiera graminum Rond., and its chief parasite, A phidius 
testaceipes Cress. Webster and Phillips (1912) approached the problem 
of balance between the “‘green bug’’ and its parasite by determining 
the threshold for activity of each. The host was active and able to 
Oviposit at a temperature lower than that required for the parasite. 
Warm weather was more favorable to the parasite than to the ‘‘green 
bug”’ itself. Headlee (1914) again attacked the problem of balance 
between host and parasite with the aid of special apparatus for con- 
trolling humidity and temperature. 

From the data of Hunter (1909) on the number of aphids infested 
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by a single parasite, from the results of Glenn (1909) on developmental 
threshold, and from the data of Headlee (1914) on the effect of temper- 
ature and humidity on host and parasite, Shelford (1926) came to the 
conclusion that it was impossible theoretically for the parasite to 
overtake the host. Shelford’s method of determining a threshold of 
development was quite similar to that of Sanderson (1910) and 
Krogh (1914), but he used a theoretical a in place of the developmental 
zero of these authors. He also summed up developmental units. 
instead of temperature, and concluded that since the parasite required 
more developmental units than the host, it could not exterminate the 
host. 

The differential effect of environment on host and parasite has been 
worked out for the beet fly, Pegomyia hyoscini Panz., and its parasites; 
the gall midge, Rhabdophaga heterobia H. Lw., and its parasites; and 
the hawk moth pupa, Protoparce quinquemaculatus Haw., and its 
parasites. ‘ 

According to the researches of Bremer (1928), and Blunk, Bremer, 
and Kaufmann (1928), cold weather retards the development of the 
parasites, Opius fulvicollis Thoms. and Phygadeuon pegomyiae, of the 
beet fly, Pegomyia hyoscini Panz., more than it does the host. Thus 
during a cool summer the beet fly gains on its parasites. In warm 
weather the parasites gain on it. 

Barnes (1930) found that the parasites of the gall midge, Rhabdo- 
phaga heterobia H. Lw., were less cold-hardy than the midge itself. 
The percentage of survival of both Dasyneura alopecuri Reuter and 
D. pyri Bouché after exposure to low temperature was less than their 
host. This conclusion was based largely upon material collected in 
the field. 

Hefley (1928) showed that as the relative humidity increased, the 
viability of the hawk moth pupa, Protoparce quinquemaculatus Haw., 
decreased. The viability of the parasite, Winthemia quadripustulaia 
Fab., varied directly with increasing relative humidity. Above 73.4 
per cent relative humidity emergence of the parasite was practically 
100 per cent. In other words, a low relative humidity was favorable 
to the host; a high one, to the parasite. 

Host-parasite balance may be affected not only by a physical 
factor of the environment, but also by a biotic factor. The effect of 
competition between parasites may be considered as the effect of a 
change of biotic environmental resistance on the balance between a 
single host and parasite. Important as is this problem to biological 
control work there is very little data upon it. Pemberton and Willard 
(1918) found that the total parasitic infestation of the fruit fly, 
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Ceratitis capitata Wied., decreased when to the very efficient parasite, 
Opius humulis Silves., was added a less efficient parasite, Diachasma 
iryont Cam. Larve of this parasite killed the larvee of Opius humilis 
Silves. with their sharp mandibles. The killing of Opius by Diachasma 
was undesirable since Opzus survived. the winter better than Dza- 
chasma. 


LITERATURE ON HosT-PARASITE BALANCE OF EPHESTIA KUHNIELLA 
ZELLER AND MICROBRACON HEBETOR SAY 


Efforts to evaluate Microbracon as a control measure for its host, 
Ephestia, have to a certain degree been attempts to determine the 
balance between this particular host and its parasite. 

Buchwald and Berliner (1910) considered that Microbracon hebetor 
Say (Habrobracon hebetor Say) was a valuable aid in control of the 
Mediterranean flour moth. Back (1920) mentioned Muicrobracon 
hebetor Say and Omorga frumentaria Rond. as accessory controls for 
Ephestia, but thought that heat treatment or fumigation must be 
relied upon for effective combat. 

Hase (1922, 1925) made an attempt to evaluate the parasitic effi- 
ciency of Microbracon hebetor Say (Habrobracon brevicornis \Wesmael.) 
in controlling Ephestia kiihniella. He let loose 100 M. hebetor adults 
and 500 £. kuhniella larve in a space with a cubic content of 9,264 
cubic meters with a surface of 387,348 square meters. He recovered 
129 host larve and of these 70 were parasitized. Later he conducted 
similar experiments in which he found a parasitism of 50 to 60 per 
‘cent. From the concentration of Microbracon hebetor necessary to 
parasitize 50 per cent of the flour moth caterpillars he calculated that 
20,000 female M. hebetor per 1,000 cubic meters would be needed for 
complete control. Hase did not reckon on any cumulative effects of 
several generations of parasites, but only on one. However, Muir 
(1913) has shown that a parasite may be overtaking a host when the 
host is apparently gaining. 


METHODS AND MATERIALS USED IN THE PRESENT EXPERIMENTS 


Two genetic strains of the Mediterranean flour moth, one of which 
developed much more rapidly than the other, were used in these 
experiments. Pure lines of the parasite, Microbracon hebetor Say, 
were not kept, but there was little variation between the reactions of 
different individuals to temperature. The females were almost pure 
yellow at 30° C. and almost black at 16.5° C. The stock was remark- 
ably free from abnormal individuals. No twisted wings, white eyes, 
or stumpy antennz were observed. Undersized adults were produced 
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only when too many parasite larve fed on one host caterpillar, or 
when parasites fed on pink host larve. 

Temperature studies on Microbracon hebetor Say were begun at the 
Biologische Reichsanstalt in Berlin-Dahlem and continued at the 
Marine Biological Laboratory at Woods Hole, Massachusetts, and at 
the University of Pennsylvania. The temperature equipment here 
described is that at the Anstalt in Dahlem. With the exception of the 
series incubators, the apparatus at Woods Hole and at the University 
of Pennsylvania was similar to that used at Dahlem. 

The temperature control apparatus at Dahlem consisted of incu- 
bators in series, one at low temperature, the other at high, and also 
of individual incubators. There was no circulating air in them. 
For the insects in question the lack of circulating air'is not a serious 
fault, but it would be for insects eating green food. The low tem- 
perature series of incubators was kept in a basement which itself was 
at low temperature. The compartments in the series incubator were 
kepteat. 15° €.;, 1-52 CRO BG Fis Or San€s,.5 0) 1G) en Cand 
.9° C. The average deviation from the temperatures in question was 
+ .5° C. and the greatest deviation + 1.0° C. Temperatures were 
read twice daily. The high temperature series was less accurate than 
the low. Gas was used as the source of heat. Temperatures of 
38° Cy 8625 °C, 327. C. SOO IS ACs Dini CL 7 Site © x 0237 5a Organic 
19° C. were maintained in the high series. The first three compart- 
ments on the high side and the first two on the low did not vary from 
the mean more than + 1°C. The others could be used only for rough 
comparative studies to block out limits of duration of different stages. 
These limits could then be determined more accurately with individual 
incubators. In one series of experiments the compartment at 36.5° C. 
fell to 34° C., at which temperature it remained constant. Since the 
temperature remained constant at 34° C., opportunity was given 
to rear two generations of Microbracon hebetor and one generation of 
Ephestia kiihniella. In all incubators, but in the series ones especially, 
it is important that the thermometer used for reading the temperature 
be at the same level as that at which insects are kept. The ther- 
mometers at the tops of the series compartments could not be used as 
fair indicators of the temperatures inside. 

Individual incubators kept at 10° C., 16° C., 25° C., 27° C., and 30° 
C. were used. Two rooms, one kept at 18°-19° C., and the other at 
15° C., were also available. Since it is much more difficult to maintain 
a constant temperature lower than the external environment than to 
maintain a temperature higher, the best results for constant low tem- 
peratures were obtained by placing an incubator in a room lower than 
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the temperature desired. A room at 4° C. was used for the 10° C. 
and 16° C. incubators. 

Host larvee were reared in Petri dishes, in cylindrical jars, and in 
cardboard boxes. They were fed on rolled oats. In experiments to 
determine host-parasite balance, 10 adult parasites were placed with 
100 host larve, eggs, or pupe. 

Thompson (1922) proposed a formula, later corrected by Chapman 
(1925), which could be used to calculate the number of generations 
required to overtake a host. A simple case was assumed, in which 
the parasite laid only one egg on each host attacked. Environmental 
factors were supposed to act equally favorably on both host and 
parasite. 

The formula will be developed as follows: 


If n = the original population of the host, 

l = the sex ratio of the host, 

h = the number of young produced by each female host, 
Then, /hA = w, the reproductive power of the host (reproductive 
potential). 
pb = the original population of the parasite, 
f = the sex ratio of the parasite, 
s = the number of young produced by each female parasite, 
Then, fs = 2, the net reproductive power of the parasite (reproductive 

potential). 


Then, zw = the number of hosts after the first generation, 
pz = number of parasites after the first generation, 
nw — pz = number of surviving hosts after the first generation. 


k = number of parasite generations to equal host population. 
The number of generations, k, required for the number of parasites 
to equal the number of hosts is found when 


(nw. --) — pz’ — 0, 


or the number of parasites is equal to that of the host. k may be 
found by using the mathematical transformation 


eB Ae ey ee: 


oie n(zg — WwW) — 2p ~ Log B 


6 = 


W 
zs 


If w is greater than 2 or in other words, if the reproductive power 
of the host is greater than that of the parasite, p can never equal h, 
and there is no theoretical possibility that the parasite can exterminate 
the host. 
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TABLE I 
Development of Ephestia kiihniella 


: ‘ : ; Number of Number of 
Teimperetuie,. | ae Tears Capi reuerages | cneetions | ee 
fast strain slow strain 
1G: days days 
32 35- 37 62— 65 10.4— 5.8 
30 41— 43 66— 68 8.9— 5.8) 
Dili 43— 45 69— 72 8.5 5.3 
25 50— 53 79— 81 73 4.6— 
20 63— 65 99-103 5.8 3.7— 
15 85— 90 135-157 4.3 2.6— 
10 140-175 205-243 2.6 1.08 
8 cannot develop 250-270 — 1.04 


If w = g, or in other words, the reproductive powers of the host and 

parasite are equal, then 
h 
kR=-, 

p 
or the number of generations required by the parasite to equal the 
numbers of the host is equal to the quotient of the original number of 
hosts, divided by the original number of parasites. 
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Fic. 1. Duration of development of host and parasite from the time the egg 
is laid until the emergence of the adult, plotted against temperature. 

Dotted line, parasite (Microbracon hebetor). Broken line, fast strain of host 
(Ephestia ktihniella). Solid line, slow strain of host (Ephestia kiihniella). 


However, Microbracon may lay as many as 22 eggs on a single host. 
The number of eggs laid on a caterpillar stung by the host varies 
from 0-22, with a mean value of 10. If a parasite lays 10 eggs on 
one host, it does not affect the host population as much as if it laid 
one egg on each of 10 hosts. The number of generations required 
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TABLE II 
Development and Length of Life of Microbracon hebetor 


Tenecaue | upsell ie | Atma eseecas | eet ea 
Os days days 
36 a 52— 3 
34 8 45.6 6 
Sy 9 40.5 9 
30 10-11 36.5 13 
Da 11-12 33.2 20 
25 13-14 28.7 23 
20 - 19-20 19.2 28 
16.5 a — 55 
10 a — 90 


for the parasite to overtake the host when the parasite lays more than 
one egg per host may be expressed by the following equation, 


W 
ee 
elose m 
Wilco 9 Zp 
log mt 

n( = —w] ae 

m m 


with the additional symbol m, which represents the number of eggs laid 
per host by a parasite. For the expression g/m, a new symbol, e, may 
be used to designate parasitic efficiency. Then the equation reads, 


In order to determine the effect of temperature upon host-parasite 
balance, both strains of the host and the one strain of parasite were 
reared separately. Then host and parasite were put together. 


RESULTS OBTAINED 
Effect of Temperature upon Life Cycles of Host and Parasite 
The slow strain of host can survive and complete its developmental 
cycle at temperatures from 34.4° C. to 8° C. inclusive. The larva of 
the slow strain can live at 36° C., but cannot pupate. The fast strain 
of host cannot complete its developmental cycle at temperatures 
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below 10° C. The time required from deposition of the egg to 
emergence of the imago is shown in Table I. As will be seen by the 
table, the potential number of generations per annum of the two 
strains differs widely at each temperature. Although the durations of 
the life cycles of the slow and of the fast strain differ markedly, yet 


TABLE III 
Reproductive Potential of Ephestia kiihniella 


Temperanre (Ses 0 (cerratow leer. ||) See 

OC. 
32 181 54 70 68.618 
30 204 54 10 . 77.108 
Di] 225 54 .70 85.05 
25 200 54 70 75.60 
20 177 54 .65 62.127 
15 156 54 90 42.12 
10 67 54 .10 3.618 

8 55 54 .10 2.97 


* Fertility expressed as percentage of females laying eggs. 


TABLE IV 


Reproductive Potential of Microbracon hebetor 


Temperature Eges laid Sex ratio eee cuctwe sone 
OCs 
36 90 5 67.50 6.75 
34 105 715 78.75 7.875 
32 111 15 83.25 8.325 
30 114 15 87.50 8.75 
27 120 75 90 9 
25 113 15 85 8.5 
20 87 5) 65.25 6.52 
15 56 50 28 2.8 
10 — — — — 


the effect of temperature on the rate of development of the two strains 
is approximately the same. The similarity of the curves of the two 
strains made when duration of development is plotted against tem- 
perature is shown in Fig. 1. 

The parasite, Microbracon, can live and complete its life cycle at 
temperatures from 36° C. to 14.5° C. The adult could survive for 
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long periods at lower temperatures, but could not lay eggs. Length 
of time from egg to emergence of adult, and the median life length of 
the adult female as it varies with temperature, are shown in Table II. 
The curve produced when temperature is plotted against duration of 
development is shown in Fig. 1. 

Not only is the duration of development affected by temperature, 
but the reproductive ability also. The biotic potential at any given 
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Fic. 2. Reproductive potential of host and parasite at the different tempera- 
tures studied. Solid line, Ephestia ktihniella (host). Broken line, Microbracon 
hebetor (parasite). 


temperature may be calculated by multiplying the average number of 
eggs Jaid per female, by the decimal representing the percentage of 
the population which is female, and this product by the percentage of 
females which lay eggs. Fertility is used in the statistical rather than 
in the physiological sense. The biotic potential of Ephestia, the host, 
is shown in Table III; that of Microbracon, the parasite, in Table IV. 
The maximum biotic potential of both host and parasite is reached at 
27° C., as shown in Fig. 2. 
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As seen from Table V, or better from Fig. 3, the life cycle of the 
parasite is characterized by a comparatively short larval stage and a 
relatively long pupal stage. The host has a relatively long feeding 
stage and rather short resting stages, namely, the pupa and the egg. 
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F = fast strain of host. S = slow strain of host. P = parasite. { = emergence. 


Fic. 3. Length of egg, larval, and pupal stages, and the time of emergence of two 
strains of host (Ephestia kiihniella) and one of parasite (Muicrobracon hebetor). 


Since the life cycles of the host and the parasite are not synchronous, 
the possibility of the parasite catching up with the host had to be 
determined under two conditions, (1) when the parasite emerged 
during a period of the host on which it could feed, and (2) when the 
parasite emerged during a period of the host on which it could not feed. 
The parasite can feed on the larval stage only of the host. 
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Host-parasite Balance tf the Parasite is Set on the Larval 
Stage of the Host 


The ability of the parasite to control the host depends upon its 
relative reproductive rate and also upon its relative life length in 
comparison with those of the host. The initial number of hosts in 
the experiments to be described was 100; the initial number of parasites, 
10. Results of some of the experiments in host-parasite balance are 
shown in Table VI. 


TABLE V 
Time Required for Development 


Ephestia kiihniella Microbracon hebetor 
boar Slow strain Fast strain 
Egg | Larva | Pupa| Total 
Egg | Larva | Pupa| Total | Egg | Larva Pupa Total 
OCs days | days | days| days | days| davs | days| days | days| days | days| days 
36 —}| — —| — — | — — | — 1 3 3 7 
34 — — — | — — | — — — 1 3 4 8 
32 4 53 5 62 3 28 4 35). | i8) 3 4.5 9 
30 4 57 5 66 4 32 5) 41 | 2 3 5 10 
27 4 58 7 69 4 33 6 43 | 2 3 6 11 - 
25 5 64 | 10 79 5 38 7 50 | 2 5 6 13 
20 9 76 | 14 99 7 46 10 63 | 4 8 7 19 
15 BD Sy || Sil |) iss |] ils 53 14 85 | 8 10) |) 2 30 
10 SAL || 122 | 49 | 205 | 2a 75 38 | 140 | — = —— 


8 43 | 143 | 64 | 250 


At temperatures from 32° C. to 20° C. inclusive the parasite was 
able to overtake the host. As shown in Table VI, at the close of the 
first generation the numbers of the host were not always appreciably 
diminished. However, by the end of the second generation the host 
was annihilated. The possibility of the parasite overtaking the host 
is not only a theoretical possibility, but also a practical fact that has 
to be taken into consideration when rearing hosts and parasites. 
A large extra supply of host larvae must be kept on hand in order to 
keep the parasite culture going, since the parasites in killing off their 
hosts also destroy their own food supply. 

Under the conditions of the experiment the parasite required 18 
days to overtake the host at 32° C., 20 days at 30° C., 22 days at 27° C., 
26 days at 25° C., and 39 days at 20° C. 

At 15° C. the parasite was able sometimes to overtake the host, 
sometimes not. The possibility depended upon whether or not the 
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parasite was able to complete two generations on the host larve. 
There was more variation both in generation length of the parasite 
and in the length of the host larval period at extreme temperatures 
than at medial temperatures. If the slow strain of host larva required 


TABLE VI 


Host-parasite Balance at the Different Temperatures Used 


Larval period Hosts Parasite 


of host Length Initial Initial killed potential 
T ™ of | b b ib Hosts Hosts 
Sen parasite Pca are ie merase Tre second gare 
Slow Bes cycle: | Parasites hosts ae aes Soe 
Strain strain 
“G. days days days ike oh 
32 53 28 9 10 100 83.20 | 17.80 6952 — 
30 57 32 10 10 100 87.50 | 12.50 | 76542.5| — 
27 58 33 11 10 100 90 10 | 81000 — 
25 64 38 13 10 100 85 15 72250 — 
20 76 46 19 10 100 76 24 57760 — 
15 82-90 | 53-62 | 30-40 10 100 28 72 *784.00| — 


* Tf host larva in fast strain requires only minimum time the parasite can never 
catch up with it. 


TaBLE VII 
Comparative Life Length of Adult Parasite and Non-feeding Stages of the Host 


Duration of 


pupa + egg Duration of 


Duration of Duration of Duration of 


Life i 
gg stage first larval egg + pupa : egg + Ist 
length : -+ ist instar : 
Temper-| of of Rast Seaciun ok Mer: larva of host MSN 
ature adult 
para- 


site Slow Fast Slow Fast Slow Fast Slow Fast Slow Fast 
strain | strain | strain | strain | strain | strain | strain | strain | strain | strain 


OCs days days days days days days days days days days days 
32 9 4 3 8 4 9 7 17 11 12 7 
30 13 4 4 8 5 9 9 17 14 12 9 
27 20 4 4 9 6 11 10 20 16 13 10 
25 23 5 5 11 15) 15 12 26 19.5 16 125 
20 28 9 7 12 9 23 17 35 26 21 16 
15 53 22 18 18 12 53 32 71 44 40 36 
10 90 34 27 — — — — — — — — 


the minimum time to develop, namely 82 days, and the parasite the 
minimum time, the parasite would be able to catch up with the host. 
If the parasite required the maximum period for development, namely 
40 days, and the slow strain of host 82 days, the parasite would not 
be able to produce two generations on the host larva nor to overtake 
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the host, when allowance is made for the length of the first instar of 
the host larva on which the parasite cannot feed. 

If the fast strain of host requires the minimum period in which 
to develop and the parasite also requires the minimum, the parasite 
can produce only one generation on the host larva, and cannot over- 
take the host. In order for even the most rapidly developing parasite 
to reproduce twice on a single generation of host larva, the larval 
period of the host must be at least 60 days long. Even on the slowest 
developing host larve of the fast strain, the parasites are unable to 
produce more than one generation, if they require more than 31 days 
for a life cycle. The chances that 10 parasites will be able to overtake 
100 fast strain hosts when set on fast strain larve at the beginning of 
the larval period are about 1 : 16, if there is no pre-imaginal mortality 
among the parasites. 

However, at 15° C. there is often pre-imaginal mortality among 
the parasites. A drop of water may condense on the dish in which the 
culture is kept and the parasite may drown in it. Drowning of young 
parasites may be set down to poor technique. Even if the dishes are 
kept free from water of condensation, young parasites die. At 15° C. 
the adult parasite is very clumsy. The female may miss the ganglion 
when she stings the host caterpillar, thus failing to paralyze the host 
larva and consequently failing to provide food for the young parasite. 
Eggs are often laid some distance away from the host larva. At 15°C. 
the female parasite may lay eggs so far away from the host larva that 
the parasite larve die of starvation before they are able to find their 
food. Not only is the adult clumsier, but also the young larva seems 
to be more poorly codrdinated than at high temperature. If as many 
as three larve of the first generation of the parasite die, the parasite 
is unable to overtake the fast strain of host. 

Below 15° C. there is no possibility of the parasite catching up with 
the host, since the parasite cannot complete its life cycle, although 
the adult can survive temperatures of 0° to + 4° C. for a period of 
several months. It is also of importance to realize that only the 
females which have been reared at low temperatures are capable of 
laying eggs at 14.5° C. and 15° C. 

At temperatures above 32° C. the parasite has a decided advantage 
over the host. The maximum temperature at which the host can 
complete its life cycle is 34.4° C., but the parasite is able to complete 
its life cycle at a temperature as high as 36° C. The larval stage of 
the host, however, can survive 36° C., and thus provide food for the 
parasite. 
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Host-parasite Balance if the Parasite 1s Set upon a Host Stage 
on which it Cannot Feed 


Since the life cycles of the host and parasite are not synchronous, 
parasites may emerge at a time when there is no food for them. They 
cannot feed on the egg, the pupa, or the first larval stadium. If adult 
parasites emerge at the beginning of the pupal period of the host, they 
must wait through this: period, through the emergence and sexual 
maturity of the adult host, through the egg stage of the adult, and in 
addition through the first larval stadium. Since the adult female of 
Ephestia generally lays eggs on the day in which she emerges, the pre- 
Oviposition period of the host is calculated in with the egg stage. 
If the parasite emerges at the beginning of the egg stage it must survive 
both this stage and the first larval stadium. Table III shows the 
median life length of the adult parasite as compared with the host 
stages upon which it cannot feed. 

If the adult parasite is set on the slow strain of host at the beginning 
of the pupal stage it cannot survive at 32° C., 30° C., 25° C., 20° C., 
or 15° C. The parasite can survive at 27° C., at which temperature 
the biotic potential of both host and parasite reaches its maximum. 
Not only can the parasite survive, but it can also overtake the host 
under certain conditions. If the parasite is able to lay viable eggs on 
the last day of life the parasite can survive. For the strain of 
Microbracon used, the number of eggs laid each day was practically 
constant throughout life. Therefore, if the net number of offspring 
for each parasite during its entire life was 90, the number of off- 
spring left by a parasite the last day of its life would be one-twentieth 
of 90, or 4.5. For 10 Microbracon the number would be 45, which 
offspring would be capable of exterminating 4.5 hosts. At the end of 
the first generation of parasites, the host numbers would have de- 
creased but slightly. However, these 45 individuals produced would 
have their full reproductive power, and could produce 4050 offspring, 
capable of parasitizing 405 hosts. In the meantime the 100 original 
hosts would have increased their numbers to 7715, when the emerging 
adults laid eggs. At the end of the second generation of parasites the 
number of hosts would be 7310. The third generation of parasites 
would consist of 364,500 individuals capable of parasitizing 36,450 
hosts, or several times the hosts remaining. 

If the 10 original parasites produce only 10 offspring, or one per 
parasite, the parasites will yet be able to overcome the host by the end 
of the third parasite generation. 

If the adults of Muicrobracon hebetor are set on the fast strain of 
host at the beginning of the pupal period they will be able to survive 
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at all temperatures from 27° C. to 15° C. inclusive, and to overtake 
PicuhOStcaiwinn Om ome. sand 20° ©. but notat 15. GC. Abs ee 
even when there is a stage of the host present upon which the parasite 
can feed, the reproductive power of the parasite is insufficient to over- 
take the fast strain of host. When the effective reproductive power 
is lowered by a period of starvation, the parasite is unable to overtake 
the host. 

If the adult Microbracon are set on either strain of host at the 
beginning of the egg stage, the Microbracon are able both to survive 
and to overtake the host, except at 15° C. 

When the survival of the host depends upon its ability to starve 
out the parasite, the slow strain has the advantage, since the pupal 
and the egg periods are longer init. When survival of the host depends 
upon a rapid enough development in the larva to prevent two genera- 
tions of parasites from developing, the fast strain of host has the 
advantage. Since the larval period of either host strain is longer 
than the combined duration of the other periods in the life cycle (see 
Fig. 3), the fast strain has the advantage of the slow one, considering 
the life cycle as a whole. 


Humidity as Affecting Host-parasite Balance 


The adults of the parasite, Microbracon hebetor Say, are extra- 
ordinarily resistant to low relative humidity. They can be kept over 
anhydrous CaCl, throughout life with no apparent harm. The eggs, 
spun larve, and pupe are also resistant to low relative humidity. 
The larval stage, which is of comparatively short duration as com- 
pared with the other stages in the life cycle, is the only stage which 
can be injured easily by an atmosphere of low relative humidity. 
Although the larve are not as resistant to drying as are the other 
stages, even they are injured and may die in a saturated atmosphere. 
At 15° C. young larve frequently die if the relative humidity is not 
kept low by an appropriate salt. The larve are sensitive to relative 
rather than to absolute humidity, since the absolute humidity at 
saturation at 15° C. is less than the absolute humidity with a 50 per 
cent saturation at 20° C., for example. 

The host, Ephestia kiihniella Zeller, is sensitive to low relative 
humidity. Low humidity is associated with increased sterility in 
the adults and with production of large numbers of crippled and de- 
formed individuals, Low humidity during the pupal stage especially 
is reflected by appearance of deformities in the adult stage. The 
larve are able to withstand but little drying. They prefer damp food 
to dry and can with difficulty gain foothold on sound, dry products. 
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Once, however, the larve infest a given material, they raise its moisture 
content and thus make the environment favorable for more of their 
species. 

The host, Ephestia ktihniella, cannot live and reproduce under the 
low relative humidities that the parasite can; the parasite cannot live 
in the damp atmosphere that favors the host. At intermediate 
humidities both can live and reproduce. 


Factors Other than Physical which Influence Host-parasite Balance 


The color of the host larvze, the presence of ‘‘ Microbracon immune”’ 
strains, and the opposite reactions of host and parasite to light also 
influence host-parasite balance. 

There are two colors of full-grown host larve, a pinkish and a 
white or greenish. The pink larve are unable to support as large a 
population of Microbracon as are the white ones. In a mixed group 
of pink and white host larve the female parasite stings the white 
larve before she does the pink ones. The chemical nature of the 
pigment difference between the two strains of larve is not as yet known. 
Color of the larve is, however, an inheritable character. Complicating 
factors in determining the genetics of color are changes of color with 
advancing age of the larve, and the effect of certain environmental 
factors on color. 

In a given population of host larvae exposed to parasitic attack 
some may be immediately stung by the parasites. Others may be 
oviposited upon when the choice of host larva has become very limited. 
Finally, there exist certain host larvae which are apparently “ Muzcro- 
bracon immune.’”’ These are not stung by the parasitic wasps even 
if there are no other larve available. 

The degree of Microbracon immunity of Ephestia larvee was de- 
termined by allowing 10 Muicrobracon access to 100 Ephestia. At the 
end of the first day those Ephestia which were not stung were exposed 
to fresh Microbracon. If they were not stung by the second day they 
were exposed a third and so on, until the only larve remaining were 
those which the Microbracon did not attack. About one larva in 
3000 appeared to be absolutely immune to the strain of Microbracon 
hebetor used in the experiments. 

The Microbracon adults are strongly positively phototropic and the 
Ephestia larve negatively phototropic. The adult parasite generally 
flies directly toward the source of light when it emerges, even if host 
larve are present. Host larve avoid light. 

When mixed populations of host larve and parasite adults were 
kept in cylindrical jars or Petri dishes, the parasite was able to 
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exterminate the host. When, however, the cultures were placed in 
square cardboard boxes the hosts were able to survive. They would 
spin up in dark corners. Once covered with a cocoon they were 
attacked with difficulty by the Mucrobracon adults. In the square, 
cornered containers the better protection of the larve apparently was 
not due alone to their light reactions, but also to their strong positive 
thigmotropism. 

Presence of disease in the host larvae may affect balance between 
the insect parasite and its host. If a host larva becomes infected 
with a fatal disease, the parasites upon it die with it. In the early 
stages of both sporozoan and bacterial infection the infected larvee 
move about more slowly than do normal larve and are more subject 
to parasitic attack. The elimination of the parasites feeding on 
diseased larvae may in some cases enable the host population to 
survive, even when it loses some of its members through disease. 
In general it may be said that if a parasitized larva becomes diseased, 
the host-parasite balance is tipped in favor of the host; if a non- 
parasitized larva becomes diseased the host-parasite balance is tipped 
in favor of the parasite. The above conclusion holds only if the disease 
is a fatal one. If the disease is non-fatal, it influences host-parasite 
balance if it makes the host larva a less nourishing food for the parasite 
or if it delays maturity of the host. In the former case the host would 
be favored; in the latter, the parasite. 


DISCUSSION 


When disease is not present and “ Microbracon immune’’ host 
larve do not form a significant part of the host population, the 
Thompson formula as modified by Chapman predicts the possibility 
of a given parasite population exterminating a host population. In 
the original use of this formula, the assumption was made that the 
life cycles of host and parasite were synchronous. If these cycles 
are not synchronous, as is the case with Ephestia and its parasite, 
Microbracon, results calculated from the formula agree fairly well 
with those obtained from experiment, if account is taken of the 
decreased reproductive ability of the parasite, when it emerges during 
a stage of the host upon which it cannot feed. 


SUMMARY 


1. Two strains of the Mediterranean flour moth, one of which 
develops much faster than the other at a given temperature, were used 
in the experiments reported in this paper. Only one strain of the 
parasite, Microbracon hebetor Say, was bred. 
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2. If the parasite emerges during the larval stage of the host and 
is able to complete two generations during this stage it can exterminate 
the host. 

3. If the parasite emerges at the beginning of the pupal period 
of the host it can exterminate the slow strain of host only at 27° C., 
but it can overtake the fast strain at temperatures from 27° C. to 
20° C. inclusive. If the adult parasite emerges at the beginning of 
the egg stage it can exterminate either strain of host except at 15° C. 
or below. 

4. In general high temperatures (above 32° C.) favor the host; 
low temperatures (15° C. and below), the parasite. 

5. High relative humidity favors the host; low relative humidity, 
the parasite. 

6. Conditions other than physical, such as disease incidence and 
the webbing habits of the flour moth caterpillar, also affect the host- 
parasite balance. 
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EDITOR’S NOTE: 
Paragraph 4 of the summary of the article by Nellie M. stay on 
p. 204 should read as follows: 


“In general high temperatures (above 32° C.) favor the parasit 
low temperatures (15° C. and below) the host.” 
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STUDIES OF THE MITOTIC FIGURE 


III. CH#&TOPTERUS: CENTRAL Bopy STRUCTURE AT METAPHASE, 
First CLEAVAGE, AFTER USING DILUTED FIXATIVES. 


HENRY J. FRY 


(From Washington Square College, New York University, and the Marine Biological 
Laboratory, Woods Hole) 


I. PURPOSE OF THE. STUDY 


A previous investigation of central bodies in the eggs of Chxtop- 
terus pergamentaceus, at metaphase, first cleavage, described the effects 
upon their structure of using various modifications of Boveri’s picro- 
acetic reagent. It was found that central body configuration is closely 
related to the coarseness and shape of the astral rays, and that centri- 
oles are demonstrated only when rays are very coarse and undulating 
(almost straight); this occurs only if the reagent is diluted with about 
90 parts of water (Fry, 1932). Since such behavior of central bodies 
has not been reported elsewhere, and since those of Chxtopterus have 
heretofore been regarded as typical centrioles, giving genetic continuity 
to successive division figures (Mead, 1898 and Wilson, 1930), it was 
thought desirable to determine whether or not the results produced by 
modifying a picro-acetic mixture hold true when diverse reagents are 
employed.! 


II. Metuops 


For the most part, the methods of the present investigation were 
the same as those of the earlier study. The eggs used were taken from 
many females, obtained at different times in the season during the 
past four summers, at the Marine Biological Laboratory at Woods 
Hole; they were handled as previously described. As before, eggs of 
the various sets were left in the reagents from 6 to 15 hours (it was 
previously shown that these differences do not affect astral types when 
Boveri’s picro-acetic reagent is used, and it is assumed that the same 


1 This study was completed by the aid of a grant from the National Research 
Council. 
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situation probably holds true in the case of other reagents). Eggs 
were again sectioned at a thickness of 5 uw and stained with Heiden- 
hain’s hematoxylin, every effort being made to destain them all to the 
same ‘‘medium”’ extent, in order that no variations in central body 
structure would be introduced by differences in depth of stain. As 
before, study was confined to the mid-sections of the larger aster of 
metaphase first-cleavage figures. Also the same method was used to 
secure a random sample of the various metaphase astral types which 
may be present in any egg-set, and thus to avoid an unconscious selec- 
tion of any class.? Cells were studied with the same optical set-up and 
analyzed with reference to the same list of points (Fry, 1932, pp. 150- 
152 and 154-155). 

The major data of the present study are reported in Table I (pp. 
211-215) and include: first, the reagents employed; second, the struc- 
ture of the central body and rays (astral type) demonstrated in each 
case; and third, the accompanying cytoplasmic configuration. Addi- 
tional tables present various analyses of the data. 

The 116 formule used fall into several categories: (a2) most of the 
standard fixing fluids; (6) various original reagents; (c) the components 
of the different fluids used separately (in each case the amount dis- 
solved is that usually called for when that component is used in stand- 
ard reagents); and (d) dilutions of various members of the preceding 
groups.’ Formule are given in Table I only when they are not found 
in Lee’s Microtomist’s Vade Mecum, ninth edition; page references are 
given for those found in that work. 

The usual method of writing formule makes it impossible to ap- 
preciate at a glance the relative amounts of the components present 
in different reagents, because the items are called for in such terms as 
the following: “4 cc. of a 2 per cent solution of osmic acid,’’ ‘‘corrosive 
sublimate to saturation,’’ ‘‘3 drops of acetic acid,” ‘99 cc. of a satur- 
ated solution of picric acid diluted with two parts of water,” “1 gram 
of potassium dichromate,” and ‘100 cc. of 60 per cent alcohol.” In 
the present study, therefore, in addition to reporting the formule in 
the usual manner there is also reported in each case the percentage by 

2 As previously reported (pp. 164-165), the exact manner in which eggs happen to 
be added to the reagent in the vial may involve the production of several astral types, 
as a result of uncontrolled dilution effects, occurring within the first second, when 
fixation takes place, and differing in various parts of the vial, depending upon how the 
egg suspension happens to mix with the fixative. 

3 The results obtained in the earlier investigation with Boveri’s picro-acetic 
reagent, both full-strength and diluted, and with the two components used separately, 


are included here in order that the data may be compared with those of the present: 
study. 
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weight of each component, as well as the total percentage by weight 
of all the solutes. This permits ready comparison of the similarities 
and differences between the various formule. The figures given for 
the percentages by weight are only approximately correct, because, 
regardless of the care with which the reagents are made up and the 
weights of their components calculated, small quantities of sea water 
are inevitably added to the reagent when the eggs are added, and the 
percentages of the components are thus modified to an unknown and 
uncontrolled degree.* 

Reagents made of the same components are arranged in groups 
in so far as that is possible. This permits ready analysis of such rela- 
tions as the following: Is the presence of a certain component favorable 
to the demonstration of a given astral type, regardless of its amount or 
the presence of other components? If not, is the presence of that 
component, provided it occurs in certain amounts, favorable to showing 
that astral type and what is the effect of other components in various 
amounts? Is the total amount of solutes present in each reagent a 
significant factor? 

The abbreviations used for the components are as follows: 


Acetic acid Act Osmic acid Osm 
Alcohol, absolute Alc Picric acid Pic 
Chromic acid Chr Platinic chloride Pit 
Chloroform Cif Potassium dichromate Pot 
Ether Eth Sodium sulphate Sod 
Formaldehyde For Sublimate, corrosive Sub 
Nitric acid Nut Sulphuric acid Sul 
Urea Ure 


4 Calculations of the percentages by weight were made as follows: (1) in the case 
of solids like chromic acid, the usual practice in preparing a 1 per cent solution is to 
add 1 gram to 100 cc. of water. While this is actually a 0.999 per cent solution by 
weight, it is here regarded as a 1 per cent solution. (2) Two solids, picric acid and 
corrosive sublimate, are commonly used in the form of saturated solutions: 1.22 grams 
of picric acid dissolve in 100 cc. of water at 20° C., and 6.5 grams of corrosive subli- 
mate under the same conditions. In both cases the possible effects upon the amounts 
dissolved of relatively slight changes in room temperature and of the presence of other 
components were ignored, except in the case of the picro-sulphuric mixtures (formule 
33 and 34), in which the sulphuric acid precipitates large amounts of the picric acid. 
(3) The percentage by weight of the fluids, glacial acetic acid, absolute alcohol, and 
ether, is determined by multiplying the number of cc. used by the specific gravity. 
(4) Chloroform is used as a saturated solution: 0.62 gram dissolves in 100 cc. of water 
at 20°. (5) The fluids which contain water—formaldehyde, nitric acid, and sulphuric 
acid—are treated as follows: (a) formaldehyde is assumed to be at 38 per cent strength 
in the average laboratory bottle (in contrast to the 40 per cent strength of a perfectly 
fresh solution), hence each cc. of fluid (sp. grav. 0.91) contains 0.34 gram of formalde- 
hyde and 0.56 gram of water; (b) each cc. of nitric acid (70 per cent strength, sp. grav. 
1.42) contains 0.99 gram of nitric acid and 0.42 gram of water; (c) each cc. of sulphuric 
acid (95 per cent strength, sp. grav. 1.84) contains 1.74 grams of sulphuric acid and 
0.09 gram of water. 
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Each figure was drawn from a cell typical of its class. 
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EXPLANATION OF PLATE I 


A little less than half of 


the cell is shown, enlarged 1000. The symbols are those used in the tables. 


Fig. 


— 


Astral Type 


Reagent 
Central 
Body 
Boveri's Centriole 
picro- with 
acetic, 10% | slightly 
strength demarked 
(formula 41)} centrosome 
Acetic acid, | Slightly 
0.5% sol. | demarked 
(formula 3) | centrosome 
Chloroform-| Ascaris-like 
acetic central 
(formula 72)| body 
Kahle’s Unde- 
formol- marked 
alcohol- centrosome, 
acetic dense 
(formula 12) 
Boveri's Unde- 
picro-acetic | marked 
(formula 37)| centrosome, 
even 
Boveri's Disrupted 
picro-acetic 
(formula 37) 
Champy Undiffer- 
(formula 84)| entiated 


Cytoplasmic Type 


Rays Sym-| Peripheral Sym-| General Sym- 

bol Bodies bol | Cytoplasm |} bol 

Very 5 A| Unstained, | Un*| Rough Ro 

coarse, with few 

undu- exceptions 

lating ; 

Medium |4 B | Absent Ab | Rough Ro 

coarse, 

undu- 

lating 

Medium |4*B 

coarse, 

undu- 

lating 

Delicate, |3 C | Unstained | Un | Inter- In 

undu- mediate 

lating 

Medium |2 B | Stained St | Inter- In 

coarse, mediate 

undu- 

lating 

Medium |1 B | Stained St | Inter- In 

coarse, mediate 

rippled 

Vague 0 D | Stained Si | Even Ev 
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TABLE [| 


The various structural types of asters and cytoplasm demonstrated by different 
fixatives, used both full-strength and diluted, in Chetopterus eggs, at metaphase, first 
cleavage. Determination of the percentage by weight of the chemical components, as 
well as the abbreviation used for each, are discussed page 209; the symbols employed 
for both astral and cytoplasmic types, including the use of asterisks, are explained in 
the descriptive material opposite Plate I, and those concerning the cytoplasm are 
further discussed page 219. Result: centrioles are demonstrated only when the 
fixation also demonstrates very coarse and undulating (almost straight) rays, a 
condition which is always associated with a disrupted cytoplasm; this is accomplished 
only by a few reagents, made with certain organic components, diluted to about 10 
per cent of their usual concentration. The data of this table are analyzed in various 
ways in succeeding ones. 


Astral Cytoplasmic 
Reagent Type ie 
_ Per- General 
ipheral | Cyto- 
Formula Per Cent by Weight of Components Bodies | plasm 
4S |SlSiSlais 
|= SRR. Slee 
12] + loolalalalo|S| © [Ale |S is 
Group I. Acetic acid, Formaldehyde, Alcohol 
Act For Ale | Others| Total 
1 | Acetic acid 1.0 %sol.......... 1.0 1.0 V V 
2 ; OSG RO oc aconecs 0.75 0.75 Vv V 
3 O85 SSO. onccocou 0.5 0.5 Vv V V 
4 e 0259 )sol.. 22.5... 0.25 0.25] |v V 
5 < Ol GOsO. soooncine 0.1 0.1 |v V 
6 e 0.01% sol.......... 0.01 0.01 V V 
7 | Alcohol HVS EO bs ccascnen 16.0 16.0 V 
8 | Alcohol, 50% sol. 99 pts. 
Acetic acid, 0.5% sol. 1 pt...) 0.55 43.0 43.55 V V 
9 “ 60% strength...... 0.33 25.8 26.13 V\ Vv. V 
10 ‘ 20% strength...... 0.11 8.6 8.71 V V 
1 | Formaldehyde 5% sol.......... 1.7 1.7 V 
12 | Kahle (modified): 95% Alc., 15 
pts; For., 6 pts; Act., 1 pt; 
water, 31 pts.........-....- 2.0 | 4.1 | 22.5 28.6 Vv Vv 
13 i 20% strength...... 0.4 | 0.8 45 On V V 
14 is 10% strength...... 0.2 | 0.4 2.2 2.8 Vv |v V 
15 eo 5% strength...... 0.1 | 0.2 1.1 1.4 |v V 
Group II. Acetic acid, Formaldehyde, Picric acid 
Act | For Pic | Others| Total 
16 | Pieric acid, sat. sol. 1 pt. 
Water pis... .... 0.4 0.4 Vv 
17 | Bouin (Lee, p. 63)............ 5.0 | 8.2 0.87 14.0 V 
18 ~ 50% strength...... 2.5 | 4.1 0.43 7.0 V 
19 “ 30% strength...... 15 | 2.46 | 0.26 4.2 V 
20 ny 20% strength...... 1.0 1.64 | 0.17 2.8 V 
21 oy 10% strength...... 0.5 0.82 0.08 1.4 |v V V 
22 e 5% strength...... 0.25 | 0.41 | 0.04 0.7 IV} v Vv 
23 ve 1% strength...... 0.05 | 0.08 | trace 0.14 Vv V 
24 0.1% strength...... trace | trace | trace 0.01 V V 
25 | Bouin, made with sea water....| 5.0 8.2 0.87 14.0 V i V 
26 w 20% strength...... 1.0 1.64 | 0.17 2.8 IV iv V Vv 
Dey 2 10% strength...... 0.5 0.82 | 0.08 1.4 |v V 
28 a 5% strength...... 0.25 | 0.41 | 0.04 0.7 |v Vv 
29 i. 1% strength...... 0.05 | 0.08 | trace 0.14] -¥ V 
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Astral Cytoplasmic 
Reagent Type Type 
Per- | General 
ipheral | Cyto- 
Formula Per Cent by Weight of Components Bodies | plasm 
9 jo] 
s| ~qy IPQ jA8 & || sleles 
1d] <H loo RIG IS |S 


Group II. Acetic acid, Formaldehyde, Picric acid (Continued) 


ee SS 


> 


Act For | Pic | Others} Total! 
Ure 
30 | Bouin, modified, plus Urea 
(Carothers’ formula).......- 10.5 | 5.13 | 0.91] 1.0 | 17.0 Vv Vv V 
31 | Picro-Formol (Bouin without 
Acetic acid)..............-. 8.59 |* 0.92 9.5 V vi lv 
32 He 10% strength...... 0.86 | 0.09 0.95 V V V 
Sul ; 
30 Picro-Sulphuric (Lee, p. 56) 
(Mayer’ sformula).......... 0.4) 3.3 3.7 V vl Yl 
25% strength 
(Kleinenberg’s formula)...... 0.1] 0.8 0.9 V V V 
Pot 
35 | Regaud (Lee, p. 336), 0) pts. 
Acetic acid _ 5pts..| 1.04 | 6.7 2.3 10.0 V V V 
36 10% strength...... 0.1 | 0.67 0.23 | 1.0 V v* V 
a 
Group III. Acetic acid, Picric acid 
Act | Pic Others| Total 
37 | Picro-Acetic (Lee, p. 56) 
(Boveri’ sformula).......... 1.0 | 0.4 1.4 V\v v =f 
38 50% strength...... 0.5 | 0.2 0.7 V VV EY 
39 a 30% strength...... 0.3 | 0.12 0.42] V | a) * a) 
40 uw 20% strength...... 0.2 | 0.08 0.28} ¥ | ¥ v* V 
41 a 10% strength...... 0.1 0.04 0.14] ¥ V* V 
42 ie 5% strength...... 0.05 | 0.02 0.07] ¥ | ¥ V V* V 
43 4 1% strength......} 0.01 | trace 0.01 V By) 
44 | Picro-Acetic, made with sea 
Wt beliecnsrsimparssneterataiete wtetevtorers 1.0 | 0.4 1.4 Vv |v By) ] 
45 rt 50% strength...... 0.5 | 0.2 0.7 |v V V 4 
46 30% strength...... 0.3 | 0.12 0.4 |v Al V 
47 " 20% strength...... 0.2 | 0.08 0.28} V V V 
48 a 10% strength...... 0.1 | 0.04 0.14] V V 
49 if 5% strength...... 0.05 | 0.02 0.07} |v* V V/ 
50 i 1% strength...... 0.01 | trace 0.01 4 Al 
Ale 
51 | Picro-Acetic (form. 37) 80 pts. 
Alcohol 20 pts...) 0.8 | 0.82 16.0 | 17.12 V V V 
52 nf 50% strength...... 0.4 | 0.16 8.0 8.56 PY) V V 
53 cs 10% strength......| 0.08 | 0.03 1.6 1.71 Viv v V 
Cif 
54 | Picro-Acetic (form. 37) with 
Chloroform tosaturation....} 1.0 | 0.4 0.6 2.0 y* a 
55 50% strength. . 0.5 L 0.3 1.0 V V A 
56 10% strength L 0.06 | 0.2 V 4 4 
Eth 
57 | Picro-Acetic (form. 37) 99 pts. 
Ether 1 pt.. 1.0 | 0.4 0.7 | 2.1 V V V 
58 - 50% strength...... 0.5 | 0.2 0.35 | 1.0 V V V 
59 e 10% strength...... 0.1 | 0.04 0.07 | 0.2 V v v 
Plt 
60 | Picro-Acetic (form. 37) 80 pts. 
Platin. chlor., 1% sol. 20 pts.) 0.8 | 0.32 0.2 1.32 Viv V 4 
61 « "50% strength...... 0.4 | 0.16 0.1 | 0.66 Viv J J 
62 se 10% strength...... 0.08 | 0.03 0.02 | 0.18 V V my) 
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Astral Cytoplasmic 
Reagent Type Type 
_ Per- General 
ipheral | Cyto- 
Formula Per Cent by Weight of Components Bodies | plasm 
QA |OIO ORI 
SS] IIR IQIAIA Jo] & Ilo = 
=| SREB Ble = Llelels 
Group IV. Acetic acid, Chloroform, Hither 
Act Clf | Eth | Others| Total 
Galiwthen ions vlc... 0.7 0.7 A 
64 | Ether, 1% sol. 99 pts. 
Acetic acid I1pt........... 1.0 0.7 1.7 v* V 
65 e 50% strength...... 0.5 0.35 0.85 Vv V 
66 10% strength...... 0.1 0.07 0.17 V V 
Alc Ne ee 
67 | Ether-Acetic (form. 64) 80 pts. 
Alcohol 20 pts. .| 0.8 0.56 | 16.0 17.36 V V 
For Ki 
68 | Ether-Acetic (form. 64) 95 pts. 
Formaldehyde 5 pts. .| 0.97 0.67 | 1.7 3.3 V v* 
69 | Ether-Acetic (form. 64) with 
Chloroform to saturation.....| 1.0 | 0.6 0.7 2.3 V v* 
Plt a Ue fee Ps foal ae 
70 | Ether-Acetic (form. 64) 80 pts. 
Platin. chlor., 1% sol. 20 pts.} 0.8 0.56 | 0.2 1.56 V V 
71 | Chloroform, saturated solution. . 0.62 0.62 a af ies 
72 | Chloroform, sat. sol. 99 pts. a alg 
Acetic acid Mptseens 1.0 0.61 1.61 v* V V 
73 * 50% strength...... 0.5 0.3 0.8 Vv |[viv V 
74 oe 10% strength...... 0.1 | 0.06 0.16 V V V 
Ale pal apc lie| Viele 
75 | Chlorof.-Act. (form. 72) 95 pts. 
Aleohol 5 pts..| 0.95 | 0.58 3.94 | 5.47] |v |v V 
For eal 
76.| Chlorof.-Act. (form. 72) 95 pts. 
Formaldehyde 5 pts..| 0.95 | 0.58 1.7 3.23 Vtly V 
Sub 
77 | Chlorof.-Act. (form. 72) with 
Corros. sublim. to saturation.| 1.0 | 0.61 6.5 8.1 V 
Chr Pelee ner 
78 | Chlorof.-Act. (form. 72) 80 pts. 
Chromic acid, 1% sol. 20 pts.} 0.8 | 0.49 0.2 1.49 V 
Osm ae 
79 | Chlorof.-Act. (form. 72) 90 pts. 
Osmic acid, 2% sol. 10 pts..| 0.9 0.55 0.2 1.65 v 
Plt hie ie 
80 | Chlorof.-Act. (form. 72) 80 pts. 
Platin. chlor., 1% sol. 20 pts.| 0.8 0.49 0.2 1.49 vV 


214 


HENRY J. FRY 


TABLE I (Continued) 


Astral Cytoplasmic 
Reagent Type Type 
Per- | General 
ipheral | Cyto- 
Formula Per Cent by Weight of Components Bodies | plasm 
SOJoOPo|x|R 
x | = IA SE S ae a 
1a] H lool BD IAI IN| 
Group V. Acetic acid, Chromic acid, Osmic acid, Potassium Dichromate, Platinic Chloride 
Pot 
Act | Chr | Osm or Total 
Plt 
Pot Ry 
81 Burchardt (Lee, p: 42). 5.5.5. 5.4 0.62 iL) U6 V V 4 
82 10% strength...... 0.5 | 0.06 0.15 | 0.7 V vV V 
83 | Potassium dichromate 1% sol... 1.0 1.0 V V V 
84 Champy (modified) (Lee, p. 353) 0.39 | 0.389 | 1.2 1.98 Viv V V 
85 10% strength...... 0.04 | 0.04 | 0.12] 0.19 V / 
86 Flemming (strong) (Lee, p. 87) .| 5.2 0.75 | 0.4 6.35 V V -/ 
87 50% strength...... 2.6 | 0.387 | 0.2 3.17 v V BY) 
88 e 5% strength...... 0.26 | 0.03 | 0.02 0.3 Vv Vv V 
89 | Meves (modi. ): 2% Osm. sol., 
4 ec.; 1% Chr. sol., 15 cc.; 
INGEDS RODE Gite een 0.79 | 0.89 | 0.37 1.55 v|v Vv V 
90 “4 50% strength...... 0.39 | 0.19 0.18 0.76 Viv Vv Vv 
91 st 10% strength...... 0.07 |. 0.04 | 0.03 0.15 Vv V V 
92 Flemming, without Acetic acid . 0.78 | 0.4 1.18 V V V 
93 10% strength...... 0.07 0.04 0.11 V vV Vv 
94 | Osmic acid 0.2% sol........... 0.2 0.2 V V V 
95 | Chromic acid 0.2% sol......... 0.2 0.2 V V V 
Plt 
96 | Platinic chloride 0.2% sol...... 0.2 0.2 Vv V 
97 Hermann (UE hes oneooees HY) 0.4 0.75 | 6.35 V V V 
98 10% strength...... 0.52 0.04 | 0.07 | 0.63 Vv v V 
99 Hermann, without Acetic acid. . 0.4 0.78 | 1.18 v V Vv 
100 10% strength...... 0.04 0.07 | 0.11 V Vv Vv 
101 | Platin. chlor., 1% sol., 99 ped 
Acetic acid pies 0.99 0.98 | 1.97 Viviv Vv V 
102 Ky 50% strength...... 0.49 0.49 | 0.98 Vv |v V V 
103 “ 10% strength... ... 0.09 0.09 | 0.19 Viv cll ily 
Group VI. Acetic acid, Corrosive Sublimate, Nitric acid 
Act | Sub | Nit | Others} Total 
104 | Nitric acid 0.7% sol........... 0.7 0.7 V ae V he V 
105 | Corrosive sublimate, sat. sol. ... 6.5 6.5 Vv Lalaet V Ea V 
106 | Kostanecki and Seidlecki fa a 
(Meera 9) nce cisds sc creiereveyens 3.1 1.4 4.4 V V V 
107 10% strength...... 0.3 0.14 0.44 V V V 
108 | Corros. sublim., sat. sol. 99 pts. ign iee 
Acetic acid 1pt..| 0.94 | 6.04 6.9 V Vv V 
109 10% strength...... 0.09 | 0.6 0.69 V V V 
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TABLE I (Continued) 


Reagent Astral Cytoplasmic 
Type ype 
Per-_ | General 


ipheral | Cyto- 


Formula Per Cent by Weight of Components Bodies | plasm 


4 JOlo lS ISIS 
=< 19 /Q|RlSIa 
HOA GIA |oO 


= 


iS] 


=< 
iY} 


wo] & 
=(5 |elels 


St 


Group VI. Acetic acid, Corrosive Sublimate, Nitric acid (Continued) 


Aet Sub | Nit | Others} Total 


110 | Gilson (Lee, p. 49)............ 0.4 1.9 
111 i 50% strength...... 0.2 | 0.95 
112 ie 10% strength...... 0.04 | 0.19 


bo 

[eS] 
S 90 
conc 
ase 
a 
ace 


1 


am 


3 | Perenyi (Lee, p. 36)........... 41 | 25.9 | 30.1 V V V 


114 i 10% strength...... 0.4 2.59 | 3.0 Vv v* V 


1 


an 


5 | Zenker (Lee. p. 50)........... 4.6 | 4.4 2.2 | 12.0 V V ¥ 


116 is 10% strength...... 0.46 | 0.4 0.2 1.2 Vv Vv Vv 


When a given component is present in most of the reagents of a 
group, its amounts are listed in a separate column; but when it occurs 
only sporadically, it is listed in a column entitled ‘“‘others.”’ 

With two exceptions, all dilutions were brought about by adding 
distilled water to the reagent. In the case of Bouin’s and Boveri’s 
fluids, sea water was also employed (formule 25—29 and 44-50). 

Reagents which are reported as being used in the usual way, ie., 
at full strength, were actually used at about 85 per cent strength, since 
they were diluted with about 15 parts of eggs and their accompanying 
sea water at the time of fixation; (from 0.5 to 1 cc. of egg suspension 
was added to from 4 to 4.5 cc. of fixative in a vial). This situation 
occurs generally in the fixation of eggs, and, in the case of central 
bodies in Chextopterus eggs, the effect of so sl ght a dilution may be 
ignored; only extensive dilution—the addition cf more than 25 or 50 
parts of water—produces significant changes. 

The number of dilutions at which any given combination of com- 
ponents was employed varies considerably. The method of reporting 
dilutions is as follows: for example, ‘“‘Bouin, 10 per cent strength” 
means that 10 cc. of Bouin’s fluid was diluted with 90 cc. of water. 
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In the case of each variously-fixed egg-set only the minimum num- 
ber of eggs was studied which was necessary to determine the major 
astral class or classes present. In cases where two or more types occur, 
no effort was made to determine accurately the relative percentages of 
each class, since this would have added nothing of significance for the 
present investigation, and would have necessitated the study of large 
numbers of cells. Hence, if the examination of 12 metaphase figures 
in any one egg-set showed that they belong to the same class, with at 
most one or two exceptions, no further eggs were studied. This is 
usually the case, and a check in the proper column of Table I indicates 
the astral type present; any exceptional cases were ignored. If two 
or more types were found, each in considerable numbers, about 20 
eggs were studied, and two or more checks indicate the types occurring, 
again ignoring the exceptional cases. 

Plate I illustrates the major structural classes of central bodies and 
rays, various combinations of which constitute the astral types; it 
also shows the different cytoplasmic configurations. The terminology 
and symbols employed for central bodies and rays are essentially the 
same as the ones used previously (Fry, 1932, Chart 7, p. 177)*; those 
referring to the cytoplasmic types are described later (p. 219). 


III. RESULTS 


The Relation Between Central Body Structure and Ray Structure 


The data of this investigation, reported in Table I, are in harmony 
with the results of the previous study. The central body area in 
Chetopterus eggs is very unstable, and exhibits different morphological 
types after the use of different reagents; each type is always associated 
with a particular shape and coarseness of rays, and centrioles are 
demonstrated only if rays are very coarse and undulating (almost 
straight). This relation is therefore not a phenomenon associated with 


5 One change in symbols has been made. Central bodies previously described 
as ‘‘undemarked, even,” 7.e., stained like the ray area, may have rays which are 
medium coarse (type 2 B), delicate (type 2 C) or vague (type 2 D) (Fry, 1932, Chart 
7). In the latter case, where the radial organization of the aster is doubtful, the 
central body area is entirely undifferentiated from the peripheral portion; but in the 
first two the large non-radial centrosome is clearly differentiated from the surrounding 
ray area, hence the type of center accompanied by vague rays which was previously 
called ‘‘undemarked, even’’ and was designated by the symbol 2 D, is now called 
““undifferentiated’’ and is designated by a new symbol, 0 (zero) D, which places it at 
the extreme end of the series (Plate I). 

In order to save space in the tables, closely related astral types are grouped 
together. For example, since the class with an ‘‘undemarked centrosome, dense’’ 
may be associated with medium coarse rays (type 3 B) or with delicate ones (type 
3 C), the two are grouped together as type 3 BC. 
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the use of particular selected reagents, but holds true in the case of the 
many diverse ones employed in this study.° The details of this rela- 
tionship were discussed in the earlier paper (Fry, 1932, pp. 176-179). 

In order to determine whether or not minor differences in the exact 
degree of the coarseness of the rays, which are designated in Table I 
as ‘‘very coarse’’ (type A), are related to differences in the centrioles, 
six representative egg-sets were chosen for study from the 16 in which 
centrioles are present. The results are presented in Table II. It is 
apparent that the rays must not only be very coarse if centrioles are 
to be demonstrated, but that the heavier they are the larger is the 


centriole. 

Of the 16 formule which demonstrate centrioles, some of them do 
so in practically all of the metaphase figures, while others produce this 
result in only about half of them, the remainder showing centrosomes 
without centrioles (4AB). Inthe sets where all figures have centrioles, 
most of the cells show typical very coarse rays, or rays even heavier 
than the typical ones; but in the sets where centrioles are shown only 
in about half of the figures the rays are usually less coarse, in some 
cases approaching the medium coarse condition of type B. In other 
words, it would seem that after using reagents which are capable of 
demonstrating centrioles at all, the percentage of metaphase figures 
containing centrioles increases as the rays increase in coarseness. 

When centrioles are present they do not exhibit the similarity in 
structural detail from one metaphase figure to another which is as- 
sociated with typical centrioles. In any one egg-set they vary some- 
what in size; they are usually round, but occasionally they are irregular 
in shape; their contour is smooth in most cases, but rough in others; 
and the configuration in the large aster may differ from that in the 
small one of the same figure. Points of this sort cannot properly be 
considered in a study confined to metaphase, but they will be discussed 
in the next paper of this group, which will describe their behavior 
through all phases of various astral cycles. For the same reason, 
discussion of the phenomenon of the doubling of the centriole when 
the aster elongates, about the time of metaphase, will also be post- 
poned to that paper. 

6 Possible exceptions to the usual astral types are produced by three reagents: 
acetic acid, 0.01 per cent solution (formula 6); chromic acid, 0.2 per cent solution 
(formula 95); and Gilson’s fluid at 10 per cent strength (formula 112). They all 
demonstrate asters with disrupted centers, many of them with typical rippled rays, 
“‘medium coarse,”’ or delicate, such as are associated with these centers (1 BC); but 
in some cases the rays are so coarse and straight as to approach the ray configuration 
associated with the presence of centrioles. Judging from the character of the 


fixation and the great variability from cell to cell, these three reagents barely permit 
coagulation, and the results are probably without significance. 
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Slightly demarked centrosomes without centrioles (4 AB, Plate I, 
Fig. 2) are demonstrated by 20 of the reagents. They differ in size, 
shape, physical structure, capacity to take the stain, and the extent to 
which they are demarked from the ray area, as illustrated in Figs. 1 
and 2. Four of the fixatives (formule 49, 64, 72, and 76) demonstrate 
unusually small centrosomes, about 2.5 X 3 yw in size, in contrast to the 
usual measurements of about 5 X 6 uw. These centers are very vari- 
able in their reaction to the dye: many of them stain deeply and resist 


TABLE II 


The relation between coarseness of rays and diameter of centrioles in Chetopterus 
eggs at metaphase, first cleavage. The table shows six egg-sets in which centrioles are 
present, listed with respect to differences in the coarseness of their rays. ‘‘A”’ is the 
typical ‘‘very coarse’’ condition; ‘‘A-++”’ indicates rays which are somewhat coarser 
and ‘‘A—” rays which are less coarse. Each centriole diameter reported is an 
average of 15 measurements in different cells.’ Result: the coarser the rays are, the 
larger is the centriole. 


Formule 
Ray Centriole 
Coarseness Diameter 
No. Components Name Dilution 
yw 
48 | Acetic-Picric Boveri 10% strength A+ 0.6 
(sea water) 
41 | Acetic-Picric Boveri 10% strength A 0.5 
(distil. water) 
15 | Acetic-Alcohol-Formol | Kahle 5% strength A 0.5 
(distil. water) 
5 | Acetic 0.1% solution A 0.3 
27 | Acetic-Formol-Picric Bouin 10% strength A 0.4 
(sea water) 
21 | Acetic-Formol-Picric Bouin 10% strength A—orB 0.3 
(distil. water) 


prolonged destaining, while others on the same slide fail to hold the 
dye. Most of them are rough and irregular in appearance, but about 
10 per cent resemble to some extent the large centriole typical of 
Ascaris eggs (Plate I, Fig. 2a). Such centers are listed in Table I in 
the same column used for the typical large slightly demarked centro- 
some (4 AB) but are designated by an asterisk. In all probability 

7 Measurements were made with an ocular micrometer, under such optical 
conditions that the distance between its lines was 1.6 u. By the use of a mechanical 


stage each centriole was placed between the two lines and its diameter estimated by 
the eye. Obviously such measurements are only approximately correct. 
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these Ascaris-like central bodies in Chetopterus eggs, which happen to 
present an unusually orderly appearance, are but one class out of 
many, although of no more or less significance than are the larger cen- 
trosomes, which are not regarded by cytologists as typical central 
bodies. 

As in the previous study (Fry, 1932, p. 157), some of the ‘“‘unde- 
marked centrosomes—even’”’ (type 2 BC) may contain granules similar 
to the smaller ones found in the cytoplasm, and certain configurations 
of them may simulate centrioles. But their rarity, their variation in 
size, number, and location, make it obvious that they are merely 
random granules, and they can be dismissed from further consideration. 


‘ 


The Relation Between Astral Type and Cytoplasmic Structure 

There are two distinct areas in the cytoplasm of Chetopterus eggs 
—the zone of peripheral bodies, and the general cytoplasm (Plate I). 
The peripheral bodies occupy a zone about 15 w wide around the edge 
of the egg; they are most abundant near the vegetal pole, and least 
abundant near the animal pole; they are relatively large, the average 
diameter being about 1.5 w, although this measurement varies widely. 
When different fixatives are used this zone exhibits one of three major 
structural types: first, the peripheral bodies are absent (table symbol: 
‘‘Ab’’); second, they are numerous but remain unstained (table symbol: 
“Un’”’) after the use of Heidenhain’s hematoxylin and therefore re- 
semble small vacuoles; (in a few cases where a limited number of the 
bodies take the stain they are indicated by an asterisk); and, third, the 
bodies are numerous and deeply stained (table symbol: “St’’) with 
Heidenhain’s haematoxylin. 

The general cytoplasm which lies between the peripheral zone and 
the asters also exhibits three major structural modifications after 
fixation: first, it has a rough (table symbol: ‘‘Ro’’) and disrupted ap- 
pearance, as though it had cytolyzed prior to coagulation; second, its 
appearance is intermediate (table symbol: ‘‘In’’) between that of the 
preceding and following conditions; and, third, it is even (table symbol: 
““Ev’’) and homogeneous in appearance and is largely composed of 
minute granules which are near the limits of visibility. 

Table III presents a resumé of this data from Table I, so arranged 
that two relationships may be analyzed: First, is there any relation 
between the appearance of the zone of peripheral bodies and that of the 
general cytoplasm demonstrated by a given reagent? Second, is there 
any relation between these various cytoplasmic configurations and the 
astral type produced at the same time? 

As to the first of these relationships, in the six cases when the periph- 
eral bodies are absent the cytoplasm is always “‘rough’’; and of 82 
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TABLE III 


The relation between the astral type and the accompanying cytoplasmic structure 
demonstrated in Chetopterus eggs at metaphase, first cleavage. ‘The horizontal columns 
represent the possible combinations of types of the peripheral zone and the general 
cytoplasm demonstrated by the various reagents; the vertical columns represent the 
astral types. The numerals indicate the number of formule of Table I which 
demonstrate a given combination.® Result: centrioles, together with their ac- 
companying very coarse and undulating rays, are demonstrated only when the general 
cytoplasm is ‘“‘rough” and looks as though it has cytolyzed, and the bodies of the 
peripheral zone are absent or unstained. 


Cytoplasmic Types Astral Types 
General Cytoplasm Peripheral Bodies 5 A |4 AB) 3 BC| 2 BC| 1 BC} 1 DE|0DE 
oe Absent P21 3.11 
Rough Unstained ee a vee gn 
Stained A 
Absent PaaS Faas am 
Intermediate Unstained 1 3 3 1 1 
Stained 1 1 8 6 8 3 i 
ena Seine me 
Even Unstained 4 8 5) 1 ie 
Stained 1 5 on 6 | 4 


8 Such tabulations as this are complicated by the fact.that the different combi- 
nations of chemical components used are represented in some cases by but a single 
formula, when no dilution was employed, and by two or three or more in cases where 
dilutions were used. In order to equate these combinations as nearly as possible 
for the purposes of tabulation the following procedure was used: (1) the combinations 
which were used in one, two, or three formulz in which the extent of the dilution 
differs widely are all reported. Where larger numbers of dilutions were used, only 
three are reported for each combination of components, as follows: acetic acid, 
formule 1, 3, and 5; Kahle’s acetic-alcohol-formol mixture, formule 12, 14, and 15; 
Bouin’s acetic-formol-picric fluid, formule 17, 18, and 21; and Boveri’s picro-acetic 
reagent, formule 37, 38, and 41. (2) Bouin’s and Boveri’s reagents made up in sea 
water were not counted in making the tabulations. (3) The Meves formule (89-91) 
were omitted, because they contain the same components as Flemming’s (86-88). 
(4) Where reagents demonstrate more than one astral type, only the one having the 
most condensed center and the coarsest rays, 1.e., the one most closely approaching 
the structure of type 5 A, is reported, and each formula is thus counted but once. 
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cases in which the peripheral bodies are present, either stained or 
unstained, the cytoplasm is “‘intermediate’”’ or ‘“‘even’’ in 78, or 95 
per cent of them.® Thus it is apparent that the fixed structural types 
of the two cytoplasmic areas are related to each other. 

The relation between the various cytoplasmic configurations and 
the associated astral type is equally clear: if centrioles with slightly 
demarked centrosomes (5 A) are present, the general cytoplasm is al- 
ways “rough,” and the peripheral bodies are either absent or unstained, 
never stained. But if the centers are uncondensed and not at all like 
typical central bodies (types 2 BC, 1 BCDE, and 0 DE), the cytoplasm 
is either ‘‘intermediate”’ or ‘“‘even’’—never “‘rough”’; the peripheral 
bodies are always present, usually being stained. 

It seems probable that the fixed cytoplasmic type which is most 
like the living condition is that in which the general cytoplasm is ‘‘even”’ 
and many bodies are present in the peripheral zone. This conclusion 
is based upon the fact that when the living egg is studied with a high- 
power water-immersion objective many peripheral bodies are seen, 
and the general cytoplasm presents a relatively homogeneous appear- 
ance. It will be noted that such reagents as those of Champy, Flem- 
ming without acetic, Meves, and similar ones, demonstrate ‘“‘even”’ 
cytoplasm and numerous peripheral bodies, and that these fixatives are 
among those generally regarded by students of cytoplasmic structure 
as yielding results most like the living condition. 

It is concluded, therefore, that the demonstration of centrioles in 
metaphase first-cleavage figures of Chetopterus eggs is associated with 
the simultaneous disruption of the cytoplasmic structure. In general, 
the poorer the cytoplasmic fixation is, and the more it deviates from its 
appearance in the living condition, the more condensed the center is, 
and the coarser and straighter the rays—and the greater the chances 
of the demonstration of a centriole. 


The Relation Between Astral Type and Egg Volume 


Table IV presents data concerning the demonstration of various 
types of central bodies in relation to the volumes of the eggs and asters. 
Whenever the astral center is condensed, no matter what its detailed 
structure is (types 5 A, 4 AB and 3 BC), the average dimensions of the 
egg are 63.5 X 70 u, and the volume is approximately 147,000 yp’. 
But if the center is not condensed (types 2 BC, 1 BCDE and 0 DE), the 

9 The type of cytoplasmic structure described as ‘‘intermediate’’ resembles the 
“even” condition far more than it does the ‘“‘rough”’ one. It is also to be noted that 
the character of the cytoplasmic fixation may vary not only from one egg-set to 


another supposedly fixed in the same manner, but also from one egg to another within 
the same egg-set. 
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average dimensions are 70 X 78 » and the volume is about 200,000 y?. 
Since the average diameter of the living egg is 97 u, and its volume 
about 477,000 u3, it is apparent that the technique brings about exten- 
sive shrinkage in all cases. However, in the eggs which are least 
shrunk, whose volume is about 40 per cent of the living condition, the 
centers are uncondensed, whereas in those shrunk to about 30 per cent 
of the volume of the living egg the centers are condensed, and some of 
them have centrioles. 


TABLE IV 


The relation between astral type and egg volume, in Chetopterus eggs at metaphase, 
first cleavage. For each astral type there is reported the number of differently fixed 
egg-sets studied, the average dimensions and volumes of the eggs (based in each case 
on the measurement of about 50 eggs chosen at random, in about equal numbers, from 
the different egg-sets), and the average diameters and volumes of the associated 
asters (these latter measuremencs being based upon about 25 eggs in each case). 
Astral measurements are only approximately correct, since it is impossible to deter- 
mine accurately where the zone of rays ceases. Result: condensed centers, some of 
which contain centrioles, are found only among eggs which are shrunken to a maxi- 
mum degree as a result of the technique. 


Astral Type 5A 4 AB 3BC 2 BC 1 BC 1 DE 0 DE 


Number of Egg-Sets 
Studied 4 7 7 Uf 8 8 5 


Dimensions of Egg (u) 63X70 | 61X68 166.6 X72| 6975 | 73X80 | 69 X82 |68 x 76.4 


Volume of Egg (u3) 143,913] 132,207| 166,865 | 186,571} 222,752) 203,935) 184,585 


Diameter of Aster (u) 31 28 31 30 33 Asters Vague or 


Absent 


Volume of Aster (x3) 15,565) 11,469) 15,565 14,107 18,776 


In all classes of asters with distinct rays, the average diameter of 
the aster is 30.6 uw and the volume about 15,000 u®. Variations in the 
different classes are relatively minor, and are probably not significant. 


The Chemical Conditions of Fixation Necessary 
to Demonstrate Centrioles 


Centrioles are demonstrated only tf the chemical components required 
for their fixation are present in much smaller amounts than those of stand- 
ard reagents, a condition brought about by dilution.—Among the reagents 
reported in Table I, 26 were used both at 100 per cent and at 10 per 
cent strength, or thereabouts. When used full-strength, not one of 
them demonstrates a centriole, and only four (formule 64, 72, 75, and 
76) show centrosomes without centrioles (4 AB). The results of using 
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them at 10 per cent strength are varied: in 12 cases there is no dilution 
effect; 1° in the remaining 14, however, a more condensed center and 
coarser rays are demonstrated when the reagent is employed at 10 per 
cent strength instead of in the ordinary manner; these results are shown 
in Table V. Centrioles are demonstrated only after using a few diluted 
reagents. 
TABLE V 

The effects upon astral structure of diluting reagents, in Chetopterus eggs, at 
metaphase, first cleavage. ‘Twenty-six reagents reported in Table I were used both at 
100 per cent and at about 10 per cent strength. In 12 there is no dilution-effect. 
In the other 14 cases, however, there is a dilution-effect, here reported. Result: 
whenever there is any dilution-effect, the astral type demonstrated by the diluted 
reagents always has more condensed centers and coarser rays than that shown by full- 
strength fixatives. Centrioles are demonstrated only after the extensive dilution of 
certain fixatives. 


Astral Types Demonstrated at 10% Strength and at 
. 100% Strength 


Components Form. No. 5A 4AB} 3 BC | 2 BC 1BC | 1DE | ODE 
Act-Alc-For 12 and15 | 10% 100% x 
Act (1% sol.) 1 and 5 10% 100% 
Act-Pic 37 and 41 | 10% 100% Cee 
Act-For-Pic | ily esaral Bi |) TKO, 100% Beirne: 
Act-Clf-Pic 54 and 56 10% | 100% 
Act-Alc-Pic 51 and 53 10%] 100% 
Act-Pic-Plt 60 and 62 10%] 100% 
Act-For-Pot 35 and 36 10%| 100% 
Act-Eth-Pic 57 and 59 10% 100% 
Act-Alc 8 and 10 10% 100% 
Act-Chr-Pot 81 and 82 10%| 100% ae 
Act-Chr-Osm 86 and 88 10%} 100% 
Act-Sub-Pot-Sod 115 and 116 10% 100% 
Sub-Nit 106 and 107 10%| 100% 


10 Formule 64-66 and 72-74 demonstrate type 4 AB regardless of the concentra- 
tion used; 101-103 demonstrate type 3 BC; 97-98, 108-109 and 113-114, type 2 BC; 
110-112, type 1 BC; 31-32, 33-34, 84-85 and 92-93, type 1 DE; and 99-100, type 
0 DE. 

17 
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The amounts of the components necessary for the demonstration of 
centrioles fall within narrowly prescribed limits—Four different com- 
binations of components demonstrate centrioles; each must be used at 
a specific range of dilution. The results, given in Table VI, show that 
when centrioles are demonstrated by these four combinations of com- 
ponents the total amount of solutes, regardless of what they are, is 
from 0.07 per cent to 1.4 per cent by weight. Above and below this 
optimum range other types of centers are produced, even when the 
same components are used. 

Only certain organic components demonstrate centrioles.—Table VII 
presents all of the formule of Table I in which the percentage by 
weight of the total solutes falls within the range from 0.07 per cent 
to 1.7 per cent—a slight extension of the previously described optimum 
range. They are classified in four groups: (I) those containing the 
organic components necessary for the demonstration of centrioles; 
(II) those containing the anesthetics, chloroform and ether, combined 
in any way with the preceding components; these two groups include 
the formule which contain only organic components; (III) those 
containing both organic and inorganic components; and (IV) those 
containing only inorganic substances. 

The results are as follows: Of the various components used in this 
study only acetic acid, picric acid, formaldehyde, and alcohol, and only 
certain combinations of these, demonstrate centrioles. Thirteen formule 
falling within the prescribed range of total amounts of solutes contain 
these components, but only four of them fix centrioles (Group I, Table 
VII). The exact amounts of the components in the various combina- 
tions are very important: for example, an acetic-formaldehyde-picric 
mixture (formula 21), in which the total solute weight is 1.4 per cent, 
demonstrates centrioles and centrosomes (5 A); but when the same 
components have a total weight of 0.14 per cent (formula 23) the centro- 
somes are without centrioles (4 AB). In this case the greater con- 
centration of components is the more favorable for showing centrioles. 
On the other hand, an acetic-picric reagent (formula 41) with a total 
solute weight of 0.14 per cent shows centrioles and centrosomes, but 
if the total weight of these same components is 1.4 per cent (formula 
37) the center is an ‘“‘even”’ undelimited centrosome (2 BC). In this 
instance the lesser concentration of components is more favorable for 
demonstrating centrioles. When acetic acid is used separately the 
situation is similar: a 0.1 per cent solution (formula 5) shows centrioles 
and centrosomes (5 A), but a 1.0 per cent solution (formula 1) demon- 
strates large ‘‘even’’ centrosomes (2 BC). 
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The presence of the anesthetics, chloroform and ether, prevents the 
demonstration of centrioles —An acetic-picric mixture (formula 41) with 
a total solute weight of 0.14 per cent demonstrates centrioles and 
centrosomes; but if this same combination, in slightly differing amounts, 
has either chloroform (formula 56) or ether (formula 59) added to it, 
the total amounts of solutes in both cases being 0.2 per cent, centro- 
somes without centrioles are shown (4 AB and 3 BC). Similarly, 
acetic acid used separately in a 0.1 per cent solution (formula 5) 
demonstrates centrioles and centrosomes, but if either chloroform 
(formula 74) or ether (formula 66) are added, the total solutes being 

0.16 per cent and 0.17 per cent respectively, centrioles are not shown, 
only the centrosome being present (4 AB). 

The presence of inorganic components prevents the demonstration of 
centrioles.—In general, the demonstration of dark and condensed cen- 
ters is more likely to result from using organic components than inor- 
ganic ones. For example, if acetic acid is used in a 0.1 per cent solu- 
tion (formula 5), the astral type produced has a centriole and centro- 
some, but the addition of platinic chloride, the total solute weight 
being 0.19 per cent (formula 103), or of chromic and osmic acids, the 
total solute weight being 0.15 per cent (formula 91), prevents the 
demonstration of both centriole and demarked centrosome, producing 
instead types 3 BC and 1 DE respectively. Of the 14 formule of 
Table VII which demonstrate the most condensed centers (5 A and 
4 AB), 13 of them contain only organic components, the single excep- 
tion involving the presence of platinic chloride in formula 102. 

Without an exception, the demonstration of any kind of a dark and 
condensed center requires the presence of organic components in the 
fixative. Of 20 formule which demonstrate such centers (5 A, 4 AB, 
3 BC), 15 contain only organic components, and the other five contain 
both organic and inorganic (Table VII). 

The formule of Table _I which have total amounts of solutes in 
excess of the range just reported were analyzed in the same manner. 
While none of them demonstrate centrioles, the general situation con- 
cerning the effect upon the fixed astral center of using organic com- 
ponents in contrast to inorganic ones is the same. 

Acetic acid is the component most favorable for the demonstration of 
centrioles and condensed centers generally.—The data of Table I were 
analyzed with reference to a possible specific effect of the presence of 
each component, regardless of the occurrence of other components. 
The only result of significance is in the case of acetic acid. Among 
the formule listed in Table I are 11 pairs which are similar both as to 
the components present and the total amounts of the solutes; the 
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members of each pair differ only in that one contains acetic acid and 
the other does not (in two cases the difference involves the presence or 
absence of acetic acid plus alcohol). Table VIII reports the astral 
types demonstrated by these pairs of reagents. 

With one exception the presence of acetic acid causes the demon- 
stration of an astral type with a more condensed center than that pro- 
duced by a similar reagent without acetic acid; the exceptional reagent 
(pair 11), which is a chrome-osmic mixture, disrupts the centers 
whether acetic acid is present or absent. Of the 11 reagents which 
contain acetic acid, nine demonstrate more or less condensed ‘“‘filled”’ 
centers, three of them with centrioles, and only two have disrupted 
centers. On the other hand, of the 11 similar reagents which do not 
contain acetic acid, only one demonstrates a “‘filled’”’ center, and that 
is of the least condensed type (2 BC); the remaining ten have either 
disrupted or undifferentiated centers. Furthermore, it is significant to 
note that acetic acid is the only component which occurs in all four of 
the combinations which demonstrate centrioles; in one of them it is 
used alone and in the other three it is combined with other components. 

Centrioles are more readily demonstrated 1f sea water 1s used to dilute 
the reagent in place of distilled water. Of the four combinations of com- 
ponents which demonstrate centrioles when diluted with distilled water, 
two were also diluted with sea water—Bouin’s acetic-formol-picric mix- 
ture and Boveri's acetic-picric fluid. In both cases the full-strength 
reagents were made up with sea water, the picric acid being dissolved 
in it (which may possibly have affected the amount which went into 
solution). With both reagents the following results hold true: First, 
when sea water is used centrioles are demonstrated by a less dilute 
mixture (compare formule 17—24 with 25-29, and 37-43 with 44-50). 
Second, when sea water is used centrioles usually occur in all meta- 
phase figures within the range of dilution which shows them at all; 
only about half of them show centrioles when distilled water is em- 
ployed (Table 1). Third, sea water dilution demonstrates a somewhat 
larger centriole than does distilled water (Table II). Finally, in the 
case of Bouin’s fluid the use of sea water widens the range of dilution 
within which centrioles are demonstrated; this does not hold true of 
Boveri's reagent, although the position of the range is slightly shifted 
(Table I). 

IV. Discussion 


The previous study in this group (Fry, 1932) showed that in 
Chetopterus eggs at metaphase, centrioles are demonstrated only by a 
few of the many modifications of Boveri’s picro-acetic fluid used, and 
only when the reagent is so diluted that the chemical components are 
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present in certain small amounts. The present study confirms and 
extends that conclusion: centrioles are demonstrated by only four differ- 
ent chemical combinations, out of 48 employed; certain organic com- 
ponents must be present, and the usual reagents must be diluted with 
70 to 95 parts of water. 

Although these facts appear to be well established, their interpre- 
tation is difficult, if not impossible. If many different combinations of 
components demonstrated centrioles when used in small enough 
amounts, the situation would be simplified, for we might then be deal- 
ing with the results of poor fixation, brought about by using reagents 
in amounts so small as to barely permit coagulation; but the fact 
that only four combinations are effective when diluted is hard to ex- 
plain. If the four organic components which demonstrate centrioles 
had any characteristic in common which might be of significance for 
coagulation—if, for example, they were all reducing agents, or related 
acids—an explanation of the situation might be suggested, but such is 
not the case. Perhaps the result is due primarily to the presence of 
acetic acid, since it can demonstrate centrioles when used alone, and 
is present in the four combinations which show them; but why then 
should it be effective only when used in certain small amounts, and not 
when the slightest increase is employed (formule 1 to 6)?™ 

The fact that there is a relationship between the demonstration of 
a given type of central body and the simultaneous demonstration of 
certain specific configurations of other cell structures is not affected, 
however, by the inability to explain the coagulation phenomena in 
physico-chemical terms, and it is quite possible that an understanding 
of this relation may add to our knowledge of central bodies. 

The previous investigation showed that the demonstration of cen- 
trioles in Chetopterus eggs requires the presence of very coarse, undulat- 
ing rays, but that conclusion was based upon the use of various modifi- 
cations of a single reagent, picro-acetic. The possibility that other 
fixatives might have different effects has been eliminated by the pres- 
ent study, in which the relation between the structure of the central 
body and that of the rays is found to be constant in all respects after 
the use of 116 formule of diverse chemical composition. 

il The various components were analyzed in terms of their molar solutions, but 
the results were not significant. The fact that dilution with sea water is more 
favorable for the demonstration of centrioles than dilution with distilled water may be 
due to a difference in the hydrogen ion concentration (cf. Fry, 1932, pp. 171-172). 
Differences in the osmotic pressure of the reagents probably is not a factor, since 


complete fixation occurs within the first second, and the plasma membrane is therefore 
instantly killed (cf. Fry, 1932, pp. 173-176). 
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Furthermore, this relation is now extended to include the type of 
cytoplasmic structure shown, as well as the size of the cell. If the 
coagulation is such that the fixed egg is shrunk to about 40 per cent of 
the volume of the living one, and the cytoplasmic structure is some- 
what like that of the living condition, astral rays are usually either 
vague or delicate and the center is never condensed; but if the process 
of fixation shrinks the egg to about 30 per cent of the volume of the 
living one, and disrupts the cytoplasm, the rays are usually coarse and 
the center more or less condensed. Only under the latter conditions 
are centrioles demonstrated, and then but rarely. 

The two interpretations discussed in the previous paper again pre- 
sent themselves—with more data now available on both. In the first 
place, we may be dealing with a centriole so exceedingly difficult to 
demonstrate, and shown under such unusual conditions of fixation, 
that its behavior in this respect constitutes a new chapter in the history 
of this cell component. For some reason, as yet unknown, its demon- 
stration requires the fixation of rays which are at the same time un- 
dulating and very coarse—if either condition occurs without the other 
no centrioles are shown. According to this point of view it would be 
assumed that the chemical composition of the centriole and the rays 
differs so widely from that of the cytoplasm that their proper fixation 
necessarily disrupts the cytoplasm and shrinks the egg to the maximum 
extent. The unusual difficulty in demonstrating Chetopterus centrioles 
might then explain their variability in detailed structure from cell to 
cell under the rare conditions when they are shown. 

The other interpretation of these phenomena assumes that the 
central area of the living aster is largely composed of the same kind of 
materials as are the rays; that diverse fixatives modify the detailed 
configuration of the entire aster; that the morphology of the fixed 
center is related to the way in which the peripheral ray area is coagu- 
lated. In this event, it is further assumed that when extensive dilu- 
tion reduces the components of reagents to very small amounts, the 
fixatives are then approaching the lower limits of concentration which 
will permit any coagulation at all. When this happens, under certain 
chemical conditions the cytoplasm is disrupted, the cell is shrunken 
to a maximum degree, the ray configuration is unusually coarse, and 
the focal area of such rays is consequently unusually condensed. 
Under such conditions, the centers may take various forms: some re- 
semble large slightly demarked centrosomes; some are smaller, stain 
deeply, and look somewhat like Ascaris central bodies; and in others the 
center looks like a typical centriole surrounded by a centrosome. But 
all of these may be ‘‘focal bodies’’ (Fry, 1932, p. 181), 2.e., the results 
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of the coagulation of areas where rays or spindle fibers converge. From 
this point of view, the variability in central body structure from one 
cell to another on the same slide is explained by the assumption that 
the exact morphology of any.center depends upon the structure of the 
associated rays, which, in turn, depends upon the extent of the dilu- 
tion to which the individual egg was exposed at the time of fixation 
(Fry, 1932, pp. 164-165). If this interpretation is correct, the class 
of fixed Chextopterus eggs which is most like the living condition has a 
homogeneous undisrupted cytoplasm, numerous peripheral bodies, 
and relatively delicate rays accompanied by a large uncondensed cen- 
tral area (2 BC, 1 BC or 0 DE, Plate I, Figs.4,5 and 6). In this event, 
the demonstration of centrioles in Chxtopterus eggs is probably a result 
of such poor fixation that the egg is grossly distorted, and we are deal- 
ing with coagulation artifacts, which are especially likely to occur at 
areas of focalized rays or fibers. 

Which of these two interpretations is most applicable to the data? 
The answer to that question depends upon our criteria for determin- 
ing ‘“‘good”’ and “‘poor”’ fixation. No single procedure can be followed 
because different cell components exhibit such varying structural 
stability after coagulation. For example, blepharoplast-centrioles and 
chromosomes are so similar from cell to cell at any given stage, even 
after using diverse fixatives, that to determine the class of coagulation 
products which most resembles the living condition presents no diffi- 
culty in many investigations. On the other hand, the situation is 
very different if one is studying the detailed structure of the cytoplasm, 
or the exact configuration of astral rays, or the morphology of the 
central body in many egg cells. The central bodies of Chetopterus 
eggs exhibit various structural types—so many as to constitute a con- 
tinuous series extending from a condensed and delimited condition to 
an uncondensed or disrupted one. In such a case, how shall the 
‘‘best-fixed’’ class be determined? 

The usual procedure in cells where the central bodies exhibit con- 
siderable diversity of structure after fixation is to select as ‘‘best-fixed ”’ 
those which contain minute sharply demarked bodies at the astral 
centers, resembling the central bodies frequently seen in spermatocytes. 
If the demonstration of a centriole-like body at the astral center is proof 
per se that it actually is a centriole, such procedure 1s valid. In that case 
it is unnecessary to report the relative number of cells which contain 
centrioles, and the other classes can legitimately be dismissed as 
“poorly fixed’”’ without any attempt to discover why they differ from 
the ‘‘best”’ class, and without analyzing possible interrelations between 
the classes. Furthermore, such evidence may be considered depend- 
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able even when the demonstration of centrioles is the result of an un- 
suspected and uncontrolled modification of the technique, which makes 
repetition of the result impossible when the technique is used in the 
usual way, a situation which has occurred in the investigation of 
Chetopterus centrioles, and is discussed in the previous paper (Fry, 
1932, pp. 149-150 and 162-164). 

The danger in assuming that the demonstration of a centriole-like 
body proves the existence of a real centriole lies in the fact that the 
coagulation of focalized rays and spindle fibers may possibly result in 
the production of a structure which simulates a centriole but is an 
artifact. Since the chemical composition and physical structure of 
the center of an aster or the tip of an anastral spindle differs from the 
peripheral part, is it not possible that it may coagulate differently? 
Furthermore, it has now been demonstrated that the structure at the 
focal area is in some cases extremely variable, and that its morphology 
is related to that of the converging rays or fibers. This has been 
shown in several studies: in cytasters, sperm-asters, and first-cleavage 
figures of Echinarachnius eggs (Fry, 1928, 1929); in metaphase first- 
cleavage figures of Chxtopterus eggs (Fry, 1932, and the present paper); 
and in the anastral mitotic figures of brain cells in Squalus embryos 
(Fry and Robertson, 1933). In the latter case, a relationship is also 
demonstrated between the structure of the mid-bodies and the detailed 
configuration of the fibers of the mid-region of the spindle which are 
focalized by the cleaving cell. On the basis of such data the suggestion 
has been advanced that when areas of focalized rays and fibers are 
coagulated, structures may be produced which simulate central bodies 
but which are nothing but phenomena of focalization. 

Difficulties of interpretation such as these explain the attitude ex- 
pressed in various quarters—that the study of fixed cells frequently - 
yields data of little or no value, due to the distortion of cell structure 
frequently resulting from coagulation, and to our lack of knowledge of 
the physical chemistry of the process. In a measure this attitude is 
justified; certainly no one would study fixed cells, for the reasons just 
given, if the desired information could possibly be secured by studying 
living cells. But in many cell types the structure in question is dis- 
cernible only vaguely or is totally invisible, and the only possible 
method of investigation at present available is the use of fixed, sec- 
tioned, and stained material. To discard the method because of its 
dangers is to forego securing significant facts which can be obtained in 
no other way. Such a method is properly used, however, only when 
adequate steps are taken to guard against its dangers, and the pre- 
cautions required differ in the case of the various cell structures. 
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The data presented in this and the preceding study of Chetopterus 
central bodies are still too incomplete to permit a decision as to whether 
they are atypical ones or focal artifacts, because the work has so far 
been confined to metaphase, first-cleavage figures. The next paper 
on this subject will describe the behavior of Chextopterus centrioles 
through all of the maturation stages of the egg, and from the early 
history of the sperm-aster through late cleavage. Some of the asters 
are large and show marked changes in ray configuration during a single 
mitotic cycle, elongating during the process; others are small and show 
but slight structural changes. The behavior of the centriole under 
these various conditions provides significant additional evidence con- 
cerning its nature. 


V. RESUME 


The structure of central bodies in Chxtopterus eggs at metaphase, 
first cleavage, was studied after fixation with 116 reagents, which rep- 
resent 48 different combinations of chemical components; all were used 
at the usual concentrations, and most of them at various dilutions. 

Centrioles are demonstrated by only four of the combinations, 
composed of one or more of the organic substances, acetic acid, picric 
acid, formaldehyde, and alcohol. The only component present in 
all four is acetic acid. The presence of the anesthetics, chloroform 
and ether, as well as of numerous inorganic substances, prevents the 
demonstration of centrioles. In the case of the four effective combina- 
tions the components must be present within very small and narrowly 
limited amounts, differing in the case of each combination, and re- 
quiring a dilution of the usual reagent with 70 to 95 parts of water. 
Dilution with sea water is more effective for the demonstration of 
centrioles than the use of distilled. The data of the present study are 
in harmony with those of the previous one, which was confined to 
modifications of a picro-acetic mixture. 

As in the previous work, various types of central bodies are demon- 
strated, each associated with a specific astral configuration, which 
varies as to the coarseness and shape of the rays. Centrioles are 
shown only when rays are very coarse and undulating (almost straight), 
which occurs but rarely. 

The demonstration of centrioles and very coarse undulating rays is 
always accompanied by a disrupted cytoplasm which looks as though 
it had cytolyzed before it coagulated. 

_ After the use of all reagents the eggs are extensively shrunken. 
Those which are about 40 per cent of the volume of the living egg have 
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uncondensed centers; those shrunk to about 30 per cent have con- 
densed ones and some of these contain centrioles. 

When centrioles are present they do not exhibit the orderly be- 
havior of typical ones. In some egg-sets they occur in practically all 
metaphase figures; in others they are found in about 50 per cent of 
them. They differ, from one metaphase figure to another on the same 
slide, in size, shape, contour, and other points. The larger centro- 
somes also vary in every respect; after the use of a limited number of 
reagents, about 10 per cent of them look somewhat like the central 
body typical of Ascaris eggs. 

The two interpretations discussed in the previous study again pre- 
sent themselves, but with additional data now available. On the one 
hand, we may be dealing with a very atypical centriole, different from 
any previously described, which can be demonstrated only under rare 
and peculiar conditions of dilute fixation, and only when a specific ray 
configuration is also shown; the cytoplasm is disrupted and the egg is 
shrunken to a maximum extent when this condition is produced. On 
the other hand, all of the various classes of central bodies demonstrated 
may be phenomena of focalization; the manner in which the peripheral 
part of the rays is coagulated may determine the morphology of their 
focal area; and when the conditions of fixation produce very coarse 
rays, the ‘‘focal body”’ is correspondingly condensed, happening some- 
times to simulate a centriole. 
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STUDIES IN DHE LIFE HISTORIES OF EUGEE NID: 


III. THe MorrxHotocy or PERANEMA TRICHOPHORUM EHRENBERG, 
WITH SPECIAL REFERENCE TO ITS KINETIC ELEMENTS AND 
THE CLASSIFICATION OF THE HETERONEMIDZ 


JAMES B. LACKEY 


DEPARTMENT OF WATER AND SEWAGE RESEARCH, N. J. AGRICULTURAL 
EXPERIMENT STATION 


Peranema trichophorum (Ehrenberg) emend Stein is perhaps the 
most common of the larger, free-living, holozoic flagellates. It is easily 
cultivated in the laboratory, thriving on several media, and thus lends 
itself readily to experimental purposes. 

The genus Peranema was established in 1841 by Dujardin, to re- 
ceive organisms of the genus Pyronema, a term employed by him in 
1836, but found to be already in use. He described three species, viz.: 
P. globulosa, P. protracta, and P. virescens, giving a figure of the first. 
Ehrenberg’s description in 1838 is accompanied by nine figures which 
conform to the description of P. protracta by Dujardin, whereas the 
figure given by Dujardin does not resemble a Peranema. 

Stein in 1878 placed the species trichophorus of Ehrenberg in the 
genus founded by Dujardin. He made an extensive investigation of 
the organism, describing a single flagellum and a single rod-organ. He 
also pictured the division of the animal. After him, a number of in- 
vestigators, including Klebs (1883-1892), Fisch (1885), Butschli 
(1887), Senn (1900), Hartmann and Chagas (1910), Rhodes (1926), 
Hall and Powell (1928), and Brown (1930) recorded observations on 
the organism. The work of Klebs was especially careful. He de- 
scribed very accurately the mouth of the animal, two rod-organs, and 
a single flagellum. As a result of his studies, he divided the Eugle- 
noidina of Butschli into three families: Euglenida, Astasiida, and 
Peranemida, which were respectively holophytic, saprophytic, and holo- 
zoic in nutrition. The Peranemida he divided into the subfamilies 
Peranemee, having a single flagellum, and Heteronemeze with two 
flagella. 

Senn changed this slightly in 1900, principally in establishing a 
number of subfamilies in his family Peranemacez. Dangeard in 1900 
again instituted minor changes in terminology. Lemmermann, in 1913, 
followed Senn in naming the families, and Walton, in 1915, followed 
the same general scheme, although he traced the family names Eugle- 
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nide, Astasiidz, and Peranemidz to Stein, Butschli, and Ehrenberg 
respectively. Doflein (1916) retained the three families Euglenide, 
Astasiide, and Peranemide. 

Tt will be noted that all classifications into families since Klebs have 
been largely dependent on modes of nutrition, symmetry perhaps play- 
ing a secondary part. Calkins in 1926 dropped the Peranemide. 
Those organisms possessing chloroplasts he placed in the family Eu- 
glenidz, including here also a few questionable colorless forms. In the 
Astasiide, he included the colorless forms having a single flagellum. 
For colorless forms having two flagella, he created a new family, the 
Heteronemide. 

Descriptive work on Peranema trichophorum shows an animal with 
a single flagellum and one or two rod-like structures in the mouth 
region. Dangeard (1901) shows two of these rods. Walton describes 
one; Lemmerman figures two, but speaks of a single parabasal body. 
Hartmann and Chagas show two, Hall and Powell two; Brown two; 
Doflein has a brief description of the family and the species, accom- 
panied by an original figure. He shows a single flagellum, bifurcated 
at its base, the two roots ending in basal bodies, located against one of 
the two rod-organs (“stabapparat’’). Calkins’ description of the ani- 
mal is largely in his key. He figures a single rod-organ, calling it a 
parabasal. Hall (1926) and Hall and Powell (1928) also describe 
the flagellum as single, and non-bifurcated at its base, while Brown 
(1930) shows it to be bifurcated at its base. Other workers describe 
the flagellum as single, vibratile at its tip, emerging from the mouth 
region and with a basal body. The animal is said to be spindle-shaped, 
tapering anteriorly, 20 to 70 microns long and 10 to 25 wide. It has 
a pronounced pharynx and reservoir into which a contractile vacuole | 
opens. The thin pellicle is faintly striated spirally. Movement is 
creeping, although the animal swims at times. It frequently changes 
the shape of its body, becoming rounded up or forming an irregular 
ball. Nutrition is holozoic according to Walton and Lemmermann; 
saprophytic according to Doflein; and is not mentioned by Calkins. 

While working on the life cycle of the animal (Lackey, 1929), it 
was noted that it appeared to have two flagella, so more careful cyto- 
logical studies have been made. 


MeEtTHODS 


The organisms were killed and fixed on coverslips which were either 
floated on the cultures or immersed until the animals crept on them. 
Schaudinn’s fluid, Flemming’s strong solution with and without acetic 
acid, and Bouin’s fluid were used as fixatives. Of several stains em- 
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ployed, iron hematoxylin and Regaud’s hematoxylin with eosin as an 
occasional counterstain were the most successful ones. Living animals 
were studied under oil in hanging drop preparations. 


FINDINGS AND DISCUSSION 


A number of changes in the present description of the animal and 
some new characteristics which are regarded as diagnostic are enu- 
merated. The length of the animal often exceeds 70 microns, speci- 
mens as long as 90 microns having been encountered. Individuals 
under 50 microns were not found, although many “wild” specimens 
were examined, in addition to those from the cultures. A very small 
form, 25 to 35 microns long and 10 to 12 wide, was often found in 
both stock cultures and material collected from various localities. 
While it appears to be identical with the larger form on visual exami- 
nation, no mass cultures could be procured from isolations of it. 

Bilateral symmetry is very evident; the mouth is on the ventral 
surface, and of peculiar shape, perhaps most comparable to a tuning 
fork whose prongs are short and pointed, the base of the fork being at 
the anterior end of the animal (Fig. 1). Klebs (1892) shows this 
very clearly ; according to Hall (1926) the cytostome is subterminal. 


EXPLANATION OF PLATE I 


Fic. 1. A diagrammatic sketch of the anterior end of Peranema trichophorum 
viewed from the ventral side showing the various organelles and their relation to 
each other. No connection between any of these and the nucleus has been found 
during interkinesis. 

. Primary, anteriorly directed or swimming flagellum. 

. Curved cytostomal element. 

Mouth opening. 

. Internal gullet from mouth to reservoir. 

Rod organs. 

Fibril from blepharoplasts presumably to curved cytostomal element. 
. Two blepharoplasts. 

. Reservoir. 

. Secondary, posteriorly directed or trailing flagellum. 

J. Contractile vacuole. 

Fic. 2. A similar sketch of the anterior end of the animal as seen from the 
side. The two rods may either form a V or appear as single in such a view. 

Fic. 3. A diagrammatic drawing of a Peranema about the metaphase in 
division. The cytoplasm has been stippled to bring out the nucleus and the 
gullet-reservoir more clearly. The chromosomes of the dividing nucleus are not 
shown, but the elongating endosome and the persistent nuclear membrane are 
shown. The nuclear membrane appears to be pulled out at the poles and is at- 
tached to the blepharoplasts, but there is no connection of any kinetic or cyto- 
plasmic organelles to the endosome. Four rod-organs are seen to be arising de 
novo in the cytoplasm, the original pair having disappeared. 

Fic. 4. A similar drawing of a telophase stage. The four flagella are 
clearly evident, having elongated sufficiently to emerge through the mouth. In 
this and the preceding figure each is seen to originate from one of the blepharo- 
plasts. 
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The animal has two flagella. The existence of two has been unre- 
corded until now, although Lemmermann hints at the existence of a 
second (see Pascher; Die Stisswasserflora, Heft 2, Flagellate 2, page 
117), and Conn and Edmondson figure an Astasia trichophorum with 
two flagella which may be Peranema. Failure to see the second flagel- 
lum is possibly due to a sublimate fixer, which often works havoc with 
delicate protoplasmic extrusions of this nature, whereas osmic fixatives 
leave them apparently intact. The larger flagellum is used for swim- 
ming or creeping, and only its distal quarter is vibratile. The smaller 
is a trailing flagellum and is about two-thirds as long as the body of 
the animal. Almost invariably it is held or trails naturally under the 
ventral surface of the body which often touches the substratum only 
at the sides, leaving an arch beneath the animal which would tend to 
hide the trailing flagellum. The writer has never been able to get more 
than a faint idea of its existence in living animals. 

Both flagella emerge from the side wall of the reservoir (Figs. 1, 
2), at right angles to the main axis of the animal. About the middle 
of the reservoir they turn sharply, paralleling the main axis, and pass 
up through the gullet into the mouth. The primary one extends nor- 
mally straight out through the anterior troughlike portion of the mouth, 
so that in the living animal it appears to originate at the very tip of the 
animal. The secondary one emerges from one of the two arms of the 
mouth, turning backward. Both flagella have a very thick sheath as 
they leave the reservoir wall, but the primary is the larger. Both taper 
gradually, the sheath of the primary tapering to an end about where 
this flagellum becomes vibratile, while the sheath of the secondary is 
apparently lost in the gullet. The sheaths are either striated or un- 
even. The axial fibril of each flagellum terminates in a round blepharo- 
plast adjacent to the reservoir wall. Hall (1926) (1928), speaking of 
a single flagellum (the principal one), says a rhizoplast is traceable to a 
granule which he terms the centrosome at the nuclear membrane. Hall 
and Powell state that this centrosome and not the blepharoplast serves 
as the pole in division. They find in the prophases a pair of granules 
or extranuclear centrosomes on the nuclear membrane connected by 
rhizoplasts to the blepharoplasts, and consider both blepharoplast and 
centrosome to be genetically continuous. 


No amount of examination by the writer has shown a granule in 
the interphase on the nuclear membrane. There is often a vesicle 
above the nucleus, but no granule or rhizoplast in this region. Further- 
more the old flagella are thrown off or absorbed in division and new 
ones arise, just as the writer has shown in Entosiphon (1929). This 
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is easily seen in the living animal and the writer has demonstrated it 
in stained preparations. The new ones grow out from two granules 
at each pole of the dividing nucleus, and these granules are the blepharo- 
plasts. With the disappearance of the old flagella in the prophase the 
blepharoplasts each divide, and with nuclear elongation they migrate 
also, forming the poles of the dividing nucleus, as seen in Figs. 3 and 4. 
The animal is rounded up, although intensely metabolic, during division, 
and constriction of the cell does not begin until late; consequently the 
two gullets and reservoirs are close to the ends of the dividing nucleus. 
The heavy nuclear membrane remains intact and there is a definite 
orientation of the blepharoplasts as polar granules. But there is no 
origin of these granules from the endosome or any other part of the 
nucleus. These granules should therefore be termed centroblepharo- 
plasts. 

This account is in accord with that of Hall and Powell for one set 
of granules, but not for two sets. Nevertheless, it seems to the writer 
that to find a division of the blepharoplast and a division of an extra- 
nuclear granule which serves as a centriole or centrosome, and to 
assume a growth of a second rhizoplast (since one rhizoplast is found 
in the prophases by Hall and Powell) from the new centrosome to the 
new blepharoplast is a reductio ad absurdum. No division of the 
rhizoplast seems to be assumed, however. In reality there is no neces- 
sity for either assumption. The condition these writers show in Plate 
I, Fig. 4, is typical of the vegetative condition; nor do they show a 
separate blepharoplast and centrosome in any figures of their two plates, 
except possibly in Fig. 3. And as they show in the relative positions 
of gullet and dividing nucleus, only a very slight migration of the ble- 
pharoplasts would be necessary for these organelles to occupy polar 
positions. The actual occurrence is the division of the blepharoplasts 
in the prophase; the outgrowth of new flagella from them and their 
further functioning as extranuclear division centers, as shown by the 
writer in Figs. 3 and 4. They are wholly independent of the endosome 
in interkinesis and in division. 

Brown (1930) shows very clearly the relationships of the blepharo- 
plasts to the dividing nucleus in his figures. In his account he states 
that strands pass from these centroblepharoplasts to the endosome. 
From the number of these strands he shows, it might be concluded 
that they represent a spindle. In Fig. 6, pl. 19, for example, they are 
obviously invading the area occupied by the chromosomes as well. He 
is not clear on the mechanism of formation of a new kinetic complex: 
“During the prophase the basal granules divide twice to form new 
basal granules; out from these grow axial filaments. Each of these 
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filaments unites with one of the old axial filaments to produce a new 
flagellum. A part of the flagellum thus persists... .’ If he means 
that each basal granule divides once, it is necessary to postulate a split- 
ting apart of the two roots of the old flagellum. However, we have 
definitely stated that the old flagella are discarded in the early stages 
of division. If we accept the existence of a second flagellum, all ac- 
counts experience less difficulty in explaining their figures. Further- 
more, it is hardly possible that Hall and Powell, Brown, and the writer 
would make such diverse observations with regard to the flagellum 
blepharoplast complex except on the basis of the existence of a hitherto 
unreported second flagellum. The evidence here, as elsewhere (see 
Hall and Powell), shows no nuclear origin for the kinetic elements, 
but instead a genetic continuity, which is to be expected for an organelle 
serving as a centriole and presumably homologous with the centrioles 
of higher forms. 

There are also two rod-organs. They are practically parallel to the 
main axis of the animal, extending from about the region of the mouth 
to a point slightly below the reservoir. Often their posterior ends are 
close together, so that they form a narrow V. Like the blepharoplasts 
they stain well with iron hematoxylin. At the upper end each termi- 
nates in a slight knob alongside the gullet (Fig. 1). From the knob 
of one of them a thin fibril extends in a curve over the mouth and 
down in the general direction of the blepharoplasts. It has been im- 
possible to trace the entire course of this fibril. It is probable that it 
is connected to one of the two blepharoplasts, since the distal blepharo- 
plast has a faint fibril extending anteriorly from it, which may be the 
lower part of the fibril from the rod. 

Rhodes (1926) finds similar rods (three or more) in Heteronema 
acus, which support the mouth and assist in food-getting. He says that 
Calkins is mistaken in calling the “staborgan” a parabasal body; that 
the “ staborgan”’ is a true cytostome, and that Calkins is unjustified in 
creating the family, Heteronemide. Peranema, however, has but two 
rod-organs, and they appear to be morphologically similar. Neither of 
them has been observed to be contractile, as Rhodes says of the falcate 
rod in Heteronema. The writer has not observed that the rods of 
Peranema are of use in the ingestion of food, for while they are moved 
about in the metabolic activities that accompany ingestion, they remain 
close together, while the mouth stretches. Brown, however, has ob- 
Served such a use. Schaeffer (1918) described “several”? tods im 
Jenningsia, and they were in close relation to the mouth; he does not 
know of the use of them in feeding, although, by compression of the 
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animal under a coverslip, he could force three of them out into the 
mouth. 

To justify the use of the term parabasal as applying to these rods, 
there should be traced a connection between them and the blepharoplasts. 
To do this beyond the possibility of a doubt has been impossible so far, 
but the case seems practically proved, by means of the fibrils referred 
to (Fig. 1). Dangeard (p. 291) regarded them as probably analagous 
to the tube in Entosiphon sulcatus, as does Brown. He thought they 
were probably united by “une piece en forme de fer a cheval.” This 
horseshoe-shaped piece he shows to be in the same location as the 
cytostomal element described by Hall, and the fibril the writer has 
endeavored to trace to the blepharoplasts, and while the tube of Ento- 
siphon has three thickenings, it is not connected to the blepharoplasts. 
Calkins (p. 91) has a figure of Peranema which does not wholly agree 
with the findings of the writer, but which shows the connection clearly ; 
if the two parabasals are in side view they would appear as figured 
by him. Lemmermann shows a connection between the rods and the 
basal granule of the flagellum. A similar connection is very clearly 
shown in his figure of Urceolus cyclostomus (Stein) Mereschk. 
Schaeffer (1918) shows a similar fibril from the anterior end of one 
rod proceeding towards the base of the flagellum in Jenningsia. Para- 
basals are generally said to originate from the nuclear material. Halli 
and Powell do not positively give the origin of the rods in their work 
on Peranema, nor do they claim the rods to be parabasals. In a large 
number of division figures studied by the writer, the old rods are seen 
to fade out gradually and new ones are formed de novo, in the region 
between the pole of the dividing nucleus and the new mouth (Fig. 3), 
which is in accord with Brown’s findings. There is no evidence what- 
ever of a nuclear origin nor of an origin from the blepharoplasts. Such 
knowledge would not justify calling them parabasals, even if they are 
connected to the blepharoplasts. Rather they may be looked upon as 
organelles of the mouth region, similar to those in Jenningsia and Hete- 
ronema, possibly used 1n feeding. 

The posterior end of the animal often presents an amceboid appear- 
ance. At times a clear vacuole may be observed there, as in Fig. 8, 
but more often vacuoles filled with foreign matter are seen. These 
occasionally liberate their contents directly through the posterior end 
of the animal. Changes of shape in the posterior end are too slow to 
be called amoeboid, and the region is best spoken of as a defecatory 
area, perhaps similar to that in Amisonema. What modification of the 
pellicle exists here is not known. 
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PuiateE II 


EXPLANATION OF PLATE II 


Fic. 5. Diagram of the structure of a dividing Peranema according to Hall 
and Powell and reconstructed by the writer from a study of their work. The 
flagellum is pictured as single and the second blepharoplast of the writer is in- 
terpreted by them as a centrosome. 

Fic. 6. Diagram of the structure of a dividing Peranema according to Brown 
and reconstructed by the writer from a study of his work. The flagellum is pic- 
tured as single but bifurcated at its base, and each of the two roots ends in a 
blepharoplast, the nearer one at each pole of the dividing nucleus serving as a 
centrosome or centriole. 

Fic. 7. Posterior end of Peranema showing a vacuole containing matter for 
defecation. Drawn from life. 

Fic. 8. Posterior end of Peranema showing a clear defecatory vacuole. 
Drawn from life. 


MORPHOLOGY OF PERANEMA TRICHOPHORUM EHR. 247 


Nutrition is certainly holozoic at times. Hall. and Powell have 
described the formation of food vacuoles. In a culture which contains 
Entostphon, these latter are often swallowed; as many as three have 
been observed distorting the shape of a Peranema. Often there are 
food vacuoles in the mid-region of the animal, which contain objects 
resembling bacteria, and ingested diatoms have been seen. But in old 
cultures the animals will become clear and show no food vacuoles; from 
which it may be inferred that saprophytic nutrition is possible. The 
statement of Brown that Euglenoida are necessary for food is incor- 
rect. Perhaps the correct nutritive condition is an heterotrophic one. 

The above characteristics seem to the writer to be diagnostic. They 
warrant taking the genus out of the family Astasiide, and transferring 
it to the family Heteronemide. They afford further justification for 
dropping the Peranemide as a family, as Calkins has done. Neither 
nutrition nor symmetry present sharp enough lines of demarcation to 
divide the order into families; furthermore, the nutrition of the color- 
less members of the order is too imperfectly understood and too subject 
to change. Above all, the studies show that until each member of this 
group is carefully investigated, their classification and relationships 
cannot be regarded as fixed. 


SUMMARY 


1. In addition to the usually described diagnostic features, Peranema 
trichophorum shows other and undescribed features as follows: 

A. The ventral mouth begins as a short straight trough, then widens 
into a backward curving crescent. 

B. There is an additional trailing flagellum emerging from the pos- 
terior part of the mouth and passing back beneath the body. 

C. There are two rods of unknown function alongside the reservoir- 
gullet. 

D. The blepharoplasts serve as division centers. 

FE. The posterior end of the body is a defecatory area. 

2. The possession of the trailing flagellum transfers Peranema from 
the Astasiide to the Heteronemide, and justifies the reclassification 
of Calkins, whereby the family Peranemidz was dropped. 
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ONE STEP IN THE DEVELOPMENT OF HEREDITARY 
PV Ni welON TiN Ea tS EORYAZLAS WA TIRES + 


H. B. GOODRICH 


(From Wesleyan University and the Marine Biological Laboratory) 


Studies by Aida (1921 and 1930) on the inheritance of the fresh- 
water fish Oryzias (Aplocheilus) latipes have shown that the various 
color effects may be referred to the action of genes as indicated by the 
following formulae: 


IBSEN YaL (RAMU! Tii4 XS) led tug cena ice Ronee IB JB IR IR 
JBUNWISs alae hens abe, Ao eae OR eee a eR fey” 1B) 4 AP 
IRGC oc Gcecate e cistses bien on eee a meade ete a Nie Db dk Ik 
WAVJOUREE Aa sass cal a dhh ap rina ee ae tare OF NOPE. 
Weanrlegaieeal. On iG Soe eens gam aden eee 1B IB) TRO IR 
Waniccatcdmotrnyaltey 9.544 eae ee IB IBS GP iP 


The genes B, B’, and b control multiple allelomorphs and are autosomal 
and FR and r are sex-linked. The development of these characters was 
studied by Goodrich (1927) with special reference to the effects con- 
trolled by genes B, B’, and b. The gene B, which is dominant to both 
B’ and b, permits the maximum development of the melanophores which 
become uniformly distributed over the body surface. B’ is dominant 
to b and causes variegation. In this case there are two types of melano- 
phores present. One form is dark colored, having the normal develop- 
ment of melanin, and is irregularly distributed, producing the mottled 
appearance of the fish. The other type is found in areas not occupied 
by the darker form and it contains so little melanin that it is usually 
invisible. It may be detected, however, by treatment with adrenalin 
(Goodrich, 1927) or by other methods which will induce a concentration 
of the previously diffusely distributed melanin and thus render the cells 
visible. In the recessive condition (gene b) very few of the deeply 
pigmented melanophores can be found. Practically all are of the light 
or “ Farblose” (Schuberg, 1903) variety. 

In attempting to analyze this situation the question may first be 
raised as to whether intracellular or extracellular factors are critical 

1 This study is part of a program dealing with the development of Mendelian 
characters and color patterns in fish which is made possible by grants from the 


Denison Foundation for Biological Research at Wesleyan University. The writer 
desires to acknowledge the assistance given by C. B. Crampton and Rowena Nichols. 
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in determining which type of melanophore will be developed. It has 
been previously pointed out (Goodrich, 1927) that an extracellular 
factor such as a circulating hormone seems improbable. Such a hor- 
mone would be nearly uniformly distributed throughout the body and 
similar cells would be similarly affected. This then, acting alone, could 
not be the critical factor in the production of a variegated pattern. It 
seems therefore reasonable to suppose that the differential factor lies 
within the cells. 

As the two types of melanophores apparently differ only in the 
amount of pigment produced the factors involved in melanin production 
have been investigated. For. this purpose the so-called dopa reaction 
(Bloch, 1917) has been utilized. It is well known that tyrosine is the 
chromogen which is the precursor of melanin. Dopa is 3:4 dihydroxy- 
phenylalanine, which is considered to be the first transformation product 
in the change from tyrosine to melanin. It therefore may be used as 
a test for the presence of such an oxidase. For further details of the 
chemistry of the dopa reaction Raper (1928) may be consulted. 

In these experiments scales have been removed from the yellow 
(red) fish and from light areas in variegated fish and treated with 
dioxyphenylalanin.? The methods used were those outlined by Laidlaw 
(1932). The method is simple and the results clear. In from two to 
three hours after placing the fresh scales in a dopa solution there may 
be seen in each scale a few cells which are amceboid in form and were 
previously nearly invisible but have become densely blackened. Other 
types of tissue cells do not show this reaction. ‘This transformation is 
shown in Figs. 1 and 2. These are microphotographs taken with a 
yellow light filter which is necessary in order to eliminate the xantho- 
phores which would otherwise be almost indistinguishable in the photo- 
graph from the melanophores. Figure 1 shows a fresh scale from a 
yellow fish. The light colored melanophores have contracted slightly 
and are therefore faintly visible, but can in this picture be only surely 
identified by careful comparison with Fig. 2 which shows the same 
scale after treatment with dopa. | 

These results then seem to indicate that the “colorless”? chromato- 
phores and no other cells contain an enzyme, the dopa oxydase (Bloch, 
1917), which is probably identical with tyrosinase and which is neces- 
sary for the formation of melanin. ‘These cells were, however, lacking 
in a precursor of melanin and the treatment described above has sub- 
stituted dopa for that precursor. 

It seems, therefore, probable that during histogenesis both types of 
melanoblasts possess the necessary oxydase but in one—that one which 
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2 The dioxyphenylalanin was obtained from the Hoffman La Roche Co. 
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is to produce the ‘“‘ colorless” melanophore—there exists an insufficient 
quantity of chromogen. The three phenotypes are then probably simi- 
lar in the production of oxydase but differ in chromogen content. The 
chromogen is present in maximum amount in all chromatophores of 
the dark form (gene B), is present in minimal amount in all chromato- 
phores of the light types (gene 0), and in the variegated types it is 
present in maximum amount in some cells and in minimal amount in 
other cells. This condition in the variegated types provides an added 
problem which apparently can be solved only in terms of some sort of 
embryonic segregation. It seems probable, as has been previously 
suggested (Goodrich, 1927), that at an earlier stage of development a 
segregation of mesenchymal anlagen for the prospective pigmented and 
non-pigmented melanophores may occur and the cells so differentiated 


Fic. 1 (left). A microphotograph (X 120) of a part of a fresh scale from 
a yellow fish. The partially contracted light colored melanophores are almost 
invisible. 

Fic. 2 (right). The same scale after treatment with dopa. Melanophores 
can now be readily located. 


may become variously distributed by a process of amceboid migration 
characteristic of this type of cell. Such a period of segregation would 
mark the latest stage in development at which the critical cytoplasmic 
determination could occur in the variegated type and by inference it is 
to be expected that the cytoplasmic determination in the uniformly 
colored types would occur at a corresponding stage. 

Dopa treatment has also been applied to the scales of the red and 
transparent forms of goldfish. In these fish (cf. Goodrich and Hansen, 
1931) it is known that the melanophores disintegrate during an early 
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growth period and no evidence has been advanced to show the presence 
of “colorless” melanophores. The dopa test on these scales gave an 
entirely negative result. This gives further support to previous con- 
clusions that the light phases of these two different species have been 
produced by very different developmental processes. 


CoNCLUSIONS 


The light colored recessive phenotypes of the fish Oryzias latipes 
have been shown by use of the dopa reaction to possess the necessary 
oxydase for the formation of melanin. It is inferred that these differ 
from the dark colored dominant phenotypes in the relative absence of 
the chromogen tyrosine. Both chromogen and oxydase first appear 
intracellularly in the melanoblasts. 

This condition is contrasted with that found in the goldfish where 
negative results were obtained. 
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H. B. GOODRICH AND ROWENA NICHOLS 


(From Wesleyan University and the Marine Biological Laboratory) 


MATERIALS AND METHODS 


The existence of abundant variation in color and pattern in the gold- 
fish, Carassius auratus, and the fact that the mode of color inheritance 
has been determined (Chen, 1928 and Berndt, 1928) suggested this 
fish as desirable material for a study of the development of inherited 
color patterns and the origin of pigment cells. Certain phases of the 
early development of the color pattern were studied by Goodrich and 
Hansen (1931). It was then felt that some information in regard to 
later phases of histogenesis and about the necessary tissue requirements 
of the different chromatophores might be obtained by a study of tissue 
transplants. The following five types of goldfish have been used for 
this purpose: 


Brown or wild type of American breeders (normal-scaled ) 

Gold (normal-scaled ) 

Gold and silver (normal-scaled) 

Transparent Shubunkin (transparent-scaled ) 

Ordinary Shubunkin or Calico Fish (designated ‘“ mottled’? by Chen; 
largely transparent-scaled ). 


Chen (1928) describes the normal-scaled condition in goldfish as 
one in which all scales are backed with a layer of reflecting tissue. Ac- 
cording to this classification the first three of the above varieties are 
normal-scaled. The types, gold, gold and silver (and the black and 
gold not used in these experiments) are also described by Fukui (1927) 
and Berndt (1928) as arising by a process of progressive depigmenta- 
tion from the self-colored brown of the young fish (see Goodrich and 
Hansen, 1931). It seems clear that there occurs a permanent block 
to the process of depigmentation at different points in individual fishes. 

1 This study is part of a program, dealing with the development of Mendelian 


characters and color patterns in fish, which is made possible by grants from the 
Denison Foundation for Biological Research at Wesleyan University. 
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The cause of this block, whether hereditary or due to other factors, 
is at present unknown. It has, however, been shown (Chen, 1928 and 
Berndt, 1928) that the mottled fish or ordinary Shubunkin is a hetero- 
zygous type from the cross between the transparent Shubunkin and, 
apparently, any type having normal scales. Goodrich and Hansen 
(1931) have shown that the mottled and transparent types also arise 
by a process of depigmentation which begins much earlier in ontogeny 
than is the case with the first three named varieties. 

The brown goldfish is a dark olive drab which grades ventrally to 
a silvery gray. All the scales are backed with reflecting tissue consist- 
ing of guanin crystals, and the dermis is abundantly pigmented with 
melanophores and xanthophores which together give a dull brown. 
The gold variety is likewise normal-scaled and the presence of nu- 
merous xanthophores in the dermis gives them their characteristic 
brightness. Great variation in color pattern ranging from gold with 
small silver areas to predominantly silver with small patches of gold 
exists in the gold and silver fish. Scales in the silver areas are without 
chromatophores and are therefore white in appearance, but the re- 
flecting tissue shining through the scales gives a decided luster best 
described as silvery. 

The transparent Shubunkin is largely without reflecting tissue. Ab- 
sence of the guanin crystal layer renders the scales and tissues trans- 
parent, which undoubtedly led fish fanciers to give this form the name 
“scaleless.” In this type we find marked variation in the amount and 
kinds of pigment. Sometimes chromatophores are entirely lacking 
and the individual is white, but more frequently there are a few deep- 
lying melanophores on the dorsal side of the body and in the region of 
the caudal peduncle. An occasional scale is backed with reflecting 
_ tissue and infrequently a transparent fish has a small area of xantho- 
phores on the body or head. 

The color pattern of the mottled fish or ordinary Shubunkin is 
much more complex than that of any of the fish already described. 
There is no uniformity in arrangement of colored scales nor those 
backed with reflecting tissue. A variegated design of black, yellow, 
and white, with a bright spot or two of gold and silver, characterizes 
this fish. Chen (1928) and Goodrich and Hansen (1931) give a more 
detailed description of goldfish varieties and an account of the variation 
of color pattern occurring in these forms. 

The operation of transplanting tissue is very simple owing to the 
fact that the exposed part of the scale is covered with pigment-bearing 
dermis and epidermis, and removal of the scales carrying this tissue is 
easy. Transplantations of the skin of fish have been made by Secerov 
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(1912). This method is probably impractical in goldfish and is much 
less convenient than the method of scale transplantation which seems 
to have first been used by Mori (1931). When removed, each scale 
leaves a small pocket in the dermis which facilitates the introduction 
of another scale, thus eliminating the necessity of an artificial means 
of attaching the transplanted tissue. Scales were removed from the 
host fish by means of a pair of fine forceps and the scales from the 
donor previously removed were tucked into the empty spaces. If more 
than a minute was to elapse between the removal of a scale and trans- 
plantation, the scale was kept in normal salt solution. Frequently there 
was a discrepancy between the size of scales exchanged and therefore 
the pockets they filled. It was found that by trimming the base of the 
scale to the desired size the edges of host and donor tissue could be 
brought into close proximity, thus insuring more successful healing of 
the transplant without any apparent injurious effects. For this opera- 
tion and later observations on the scales the fish were anaesthetized with 
chloretone. A codrdinate system utilizing the lateral line as a base was 
devised for locating all transplanted scales. 


J. Errects 0N CHROMATOPHORES 
Autoplastic Transplantation 


Autoplastic transplantations, or transplantations to another part of 
the same individual, proved equally successful on all varieties of gold- 
fish. Within forty-eight hours circulation was established on the scale 
and frequently the transplant had a functioning capillary net-work 
within thirty hours after the operation. In the case of autoplastic 
transplantation of pigmented scales a temporary contraction of the 
chromatophores occurred. Soon after the circulation was established, 
however, the cells were observed to be in the same condition as those 
on the rest of the body. This temporary contracted state is probably 
due to the failure of the cells to receive nervous impulses after the 
severing of the tissue (cf. review by Parker, 1930). Further investi- 
gation would be necessary to determine whether the contracted condi- 
tion of melanophores on dark scales after transplantation approximates 
the stellate condition of denervated melanophores of Fundulus reported 
by Wyman (1924). There is no loss or change in the reflecting tissue 
when a scale is put into a new position on the same fish. In homoio- 
transplantations and those between different varieties of goldfish the 
reflecting tissue degenerates rapidly. Therefore this particular type of 
tissue serves as a very sensitive indicator of partial or complete success 
of a transplantation. 
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No degeneration of chromatophores or of reflecting tissue occurs 
in autoplastic transplantation in uniformly colored fish or in any other 
type except in young fish undergoing depigmentation. Other results, 
however, obtained from transplantations on the mottled Shubunkin and 
the gold and silver type have bearing on the problem of pattern for- 
mation. 

In the mottled fish a black scale placed in either a white or gold 
region retains its melanophores. A light scale (white or gold) placed 
in a dark region assumes a complete complement of melanophores and 
often also of xanthophores, if they are present in the dark area. Me- 
lanophores first appear at the periphery and later invade the center of 
the scale, indicating a migration rather than a development in situ. 
Similarly, a gold scale placed in a white region retains its pigment and 
a white scale becomes invaded by xanthophores in a gold region. The 
migration of xanthophores is markedly slower than that of melano- 
phores. In the ordinary Shubunkin after about ten days a light scale 
transplanted to a dark area has a complement of melanophores, whereas 
on a gold and silver fish approximately twenty-five days are required 
for a silver scale to become completely gold. The proliferation and 
migration of chromatophores varies markedly between individuals ac- 
cording to age and other undetermined factors; therefore, the above 
estimates of time are averages. A summary of the experiments is 
shown in Table I. 

It has also been found that chromatophores will migrate from a 
transplanted scale to the surrounding region. Here again the activity 
of the melanophores is more pronounced than that of the xanthophores. 
Of 35 dark scales put into light areas on the mottled type of fish, 25 
showed a spreading of melanophores sometimes to the extent of twice 
the diameter of the scale. The phenomenon occurs more frequently 
in scales transplanted into the lateral line, below it, or positions not 
more than two scale rows above it. The melanophores more frequently 
wander into the immediately sub-epithelial dermis but are sometimes 
found in the dermis lying beneath the scale. 

The gold-silver fish proved more favorable than the mottled Shu- 
bunkin for testing the migration of xanthophores but the results in 
both cases are similar. Gold scales transplanted to light areas retained 
their color but xanthophores rarely migrated until after four months 
in the new location. After this time xanthophores were observed in 
the tissue surrounding gold scales but they had migrated not more than 
about one-fifth of the diameter of a scale. 

In order to test the behavior of tissue that has recently lost a com- 
plement of melanophores, transplantations were made on young gold- 
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fish undergoing depigmentation. These fish are black and gold, the 
black area covering the dorsal aspect of the body. Fukui (1927) de- 
scribed the progress of depigmentation in the common goldfish as a 
wave of melanophore destruction that starts in the belly region and 
progresses dorsally. For further discussion of depigmentation of gold- 
fish varieties, see Goodrich and Hansen (1931). Gold scales from the 
belly region or lower sides were exchanged with the more dorsal black 
scales. There was rapid healing of the tissue and the black scales lost 
their melanophores within two or three days. In two cases the fish 
turned gold so rapidly that no pigment change occurred in the gold 


Tara I 
Autotransplants 
Type of Fish Neo Type of Transplant Fate of Chromatophores 

Gollole ctchemret tate one 30 Gold on gold No change in chromato- 
phores. 

[BROKE © A picrore epiorcncies 32 Black on black No change in chromato- 
phores. 

Shubunkin.......... 41 White or gold on Assumed complement of 

black melanophores. 

Shubunkin.......... 35 Black on white or Kept melanophores, and in 

gold case of 25 scales there was a 
spreading of melanophores 
into the surrounding der- 
mis. 

Gold and silver...... 46 Gold on silver Kept xanthophores, and in 
all cases there was a slight 
migration of these cells to 
the surrounding dermis. 

Gold and silver 26 Silver on gold Assumed complement of 
xanthophores. 

Young goldfish (in de- 

pigmentation)..... 17. | Black on gold Lost all melanophores. 
Young goldfish (in de- 
pigmentation)..... 20 | Gold on black 17 assumed complement of 


melanophores.* 
* On fish kept in cold room melanophores did not invade gold scales. 


scales put into the dark region. In four fish, however, the process of 
depigmentation was slower and fifteen gold scales put into the dark 
region of these fish were completely covered with melanophores from 
five to seventeen days after the operation. Frequently, as one might 
expect, these scales lost the newly acquired melanophores within a few 
days, for the process of depigmentation overtook them even in their 
new position. 

In order to retard depigmentation one fish was kept in a cold room. 
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Only after sixty-eight days were melanophores observed on two gold 
scales transplanted to the black area. The lower temperature not only 
inhibited depigmentation but also retarded the migration of melano- 
phores from the surrounding dark area into the light scales. 


Homototransplants 


In all cases of transplantation between different individuals of the 
same or different varieties the chromatophores were found to disinte- 
erate. This was preceded by the disappearance of reflecting tissue. In 
cases where the scales were placed in the self-colored types (wild or 
gold) they usually later assumed the complete host pigmentation. This 
is known to have occurred in 270 out of 343 successful transplants. In 
cases of transplantations into Shubunkins the results varied according 
to the pigmentation of the region that received the scale. 

A complete tabulation and further details of these results will be 
given in Part II. | 

Discussion 

The work of Chen and Berndt (Joc. cit.) has indicated that the 
mottled type is the hybrid between the transparent Shubunkin and the 
“ scaled’ forms which include the brown, gold, gold and silver vari- 
eties in these experiments and which are therefore genetically similar 
in regard to the characteristic “scaled.” The hybrid contains melano- 
phores irregularly distributed and these may be practically absent from 
the adults of either homozygous parent. These experiments show that 
melanophores may live and multiply over any part of the surface of the 
body of the hybrid. Knowledge of the process of depigmentation 
(Fukui, 1927; Goodrich and Hansen, 1931) indicates that melano- 
phores cannot exist for long periods in most adult goldfish. Melano- 
phores transplanted from the diminishing black areas to gold areas dis- 
integrated at once. The work of Goodrich and Hansen (1931) on 
the development of the transparent type also shows that in those forms 
some condition is present which destroys melanophores. Unfortunately, 
the existence of tissue antagonism (Part II), which prevents the suc- 
cesstul transplanting of melanophores from one fish to another, does 
not permit a more direct analysis of the reaction of the homozygous 
types to melanophores. 

The inference, however, seems fairly clear that while growth and 
persistence of melanophores is possible in the heterozygous type, some 
inhibition exists in the white homozygous form and sometimes (the 
complete gold type) in the other homozygous parent. The work of 
Smith (1932) has shown that melanin formation may be induced in 
gold types by the use of X-rays or by extensive de-scaling (Smith. 
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1931), both of which treatments may be considered as tissue irritants. 
The melanophores so produced, however, do not persist, which again 
indicates that tissue or physiological conditions are not favorable for 
them in these types. Unpublished experiments with X-ray treatment 
by Goodrich indicate that the transparent fish has less power to form 
melanophores than the gold type. Xanthophores, on the other hand, 
may be present in all types but in decreasing abundance as we pass from 
the scaled to the hybrid to the transparent forms. When, however, 
melanophores are in a favorable environment, they are far more active 
than xanthophores. These results are in agreement with the findings 
of Reis (1926) and Bock (1926) on Amphibia. 


Il. TissuE Reactions, HoMoIoTRANSPLANTS 


More than one thousand transplantations of tissue-bearing scales 
have been made between different fishes. The scale is imbedded in the 
dermis which normally contains all of the chromatophores and this is 
covered superficially by the non-pigmented epidermis. The transplant 
then consists of the scale and dermis and epidermis. In all cases the 
homoiotransplants have shown some degree of incompatibility or an- 
tagonism with the host tissues. In no case whatever have the donor 
chromatophores or the guanin crystals persisted. These have disin- 
tegrated and have been replaced by new chromatophores and guanin 
crystals if these were characteristic of the host. All possible exchanges 
between the four types of fish have been made, including transplants 
between fish of the same types. 

Practically all of our fish have been obtained from one fish breeder,” 
and it is therefore probable that some of the transplants have been 
between closely related individuals (syngenesiotransplants in the ter- 
minology of Loeb, 1930). According to Loeb, less antagonism would 
be expected in such cases. In order to investigate the possibility that 
some of our fish might be so closely related that no antagonism would 
arise, transplants were made on a number of occasions between one 
gold type and five or six different gold type fish. Little of the extreme 
type of antagonism was noted, but in all cases the donor chromatophores 
disintegrated. Evidence in regard to the persistence of other tissues is 
discussed later. 

The disappearance of chromatophores has, however, been the only 
constant feature of the homoiotransplants. There has been much 
variation in the rate of disintegration of the chromatophores, in the 
persistence of other dermal tissues, including the horny scale, and 

2 The fish have been obtained from the Grassyfork Fisheries, Inc., of Martins- 


ville, Indiana. We are indebted to this firm for very careful attention to our 
orders and requests. 
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possibly in the persistence of the surface epithelium. A decided in- 
flammation frequently occurs shortly after transplantation. None of 
these reactions has appeared in autotransplants made under conditions 
that were otherwise identical. The inflammation, if it occurs, usually 
arises within three days after transplantation and disintegration of 
chromatophores follows shortly. If there is no inflammation, the de- 
struction of the chromatophores may be delayed until from ten to 
fourteen days after transplantation, which is also about the usual time 
of reéstablishment of the circulation, while in autotransplants the 
circulation may be established within thirty hours. New pigment cells 
appear at this time at the edge of the scales. The keratinous scales 
may be dissolved after four or five weeks. Observations have been 
continued for two or three months if transplants were not completely 
incorporated earlier. 

Microscopic sections show a striking contrast between autotrans- 
plants and homoiotransplants. The former differ in no way from 
sections of normal untransplanted scales while the latter show a pro- 
gressive thinning of the epidermis and a disintegration of the dermis. 
The chromatophores are the first cells observed disintegrating. Melanin 
granules pass to the surface epithelium and are sloughed off. Abundant 
leucocytes can be observed in fresh tissue. No clearcut edge of ad- 
vancing host tissue such as that described by Rand and Pierce (1932) 
has been observed. 

Homoiotransplants have been classified as follows on the basis of 
the various types of reactions: (1) transplants in which the donor scale 
is retained, (2) transplants in which the keratinous scale is dissolved to 
be later replaced by regeneration. This second group is further sub- 
divided into those which show inflammation of the dermis and those 
which do not become inflamed. Inasmuch as no autotransplants have 
shown inflammation, it has been felt that this was the result of tissue 
incompatibility and not due to faulty technique. The donor chromato- 
phores disintegrate in both classes. It is usually impossible to determine 
the fate of other dermal tissues. 

Transplants are usually made by reciprocal exchange between pairs 
of fish and from three to five such exchanges being made per pair. 
The fate of the transplants on a given fish has been essentially the 
same. Hence it is obvious that it is a physiological reaction of the 
individual fish which is tested—not that merely of a given transplant. | 
The results reported here are based on two years’ work (1931-32) 
and on two separate lots of fish. The first lot included 840 transplants 
and the second 253 transplants. The second series was undertaken 
chiefly to fill in certain gaps in the first series. The results here em- 
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phasized are, however, based chiefly on the first and larger series 
(Table I1) and are limited to those transplants of which it has been 
possible to keep a complete record from start to finish. This reduces 
the number in the first series to 695. The second series, Table III, 
differs from the first in being less complete, as certain classes are 
omitted; there were fewer cases of inflammation and a much larger 
record of scales dissolved. This may have been due to more careful 
attention given to this feature or the second lot may have come from a 
more inbred stock. If all the percentages in Table II are increased by 
an equal amount, some degree of correlation will be noted between the 


TABLE II 


Homototransplants. First series 1931-32. 


Scale dissolved 


Transplants Pent = ___ Scale isd Hetcentane 
les C : Ow reaction incorporate issolve 
sates | Rapid reaction | No inflamma: 
10n 
per cent 
Brown to brown..... 22 0 0 22 0 
Brown to gold....... 18 0 0 18 0 
Brown to Shu. ...... 15 0 0 15 0 
Brown to trans....... 18 0 14 4 77.8 
Gold togold....... 85 9 0 76 10.6 
Gold to brown..... 30 0 0 30 0 
Gold toShu. ...... 30 5 2. 23 23.3 
Gold totrans....... 55 5 8 42 23.6 
Sint, to Sith, 4b oo oe 29 3 20 6 79.3 
Shu. to brown..... 13 1 0 12 Gall 
Shu. togold....... 24. 4 0 20 16.6 
Shu. totrans....... 23 11 3 9 60.9 
Trans. to trans....... 51 12 19 20* 60.8 
Trans. to brown..... 67 0 0 67 0 
Trans. to gold....... 102 9 14 79 DOES 
Trans. to Shu. ...... 113 61 9 43 61.9 


Shu. = shubunkin. 
Trans. = transparent. 
* 15 of these scales recovered in spite of severe inflammation. 


two tables except in the case of the transplants between transparent and 
transparent. Observations on transparent fish are especially difficult 
and liable to error. It is felt, however, that the conditions of obser- 
vation in the first lot were more uniform and that it is not legitimate 
to combine the results of both years’ work in a single table. Sex of 
goldfish cannot be determined by external inspection except during the 
breeding season. Our records give no indication of a sex-differentiai 
in the reactions of the transplants. 
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Discussion 


The fact that all homoiotransplants in goldfish show tissue incom- 
patibility while autotransplants show no antagonism establishes the 
existence in fish of individuality differentials in the sense in which this 
term is used by Loeb. This class of vertebrates may then be removed 
from the list given by Loeb (1930), p. 583, which shows no indi- 
viduality differentials. 

If the percentages of occurrence of transplants in which the scales 
dissolved as indicated in Table II are rearranged (Table IV), certain 
relationships become apparent. It appears that with the exception of 
the transplants from brown to transparent these types of reactions are 
much less likely to occur when the brown form is either donor or host 


aie IO 


Homoiotransplants. Second series 1932-33. 


Scale dissolved 


Num- 


raneolcnts, | beret | eteereeaccin | teoeeaeatea |) acces 
Tana ton No es 

per cent 
Brown to brown..... 26 0 11 15 42.3 
Brown to gold....... 30 0 8 22 26.7 
Brown to Shu....... 32 0 10 22 31.2 
Brown to trans....... 29 ~ @ 8 Die 27.6 
Gold tobrown..... 23 5 11 7 69.6 
Gold toShu....... 10 5 5 0 100.0 
Shu. toShu....... 25 0 25 0 100.0 
Shu. to brown..... 27 4 12 11 59.2 
Shu. togold.......| 12 On 4 8 33.3 
Shu = totrans,... 2). 10 0 10 10 100.0 


than in any other exchanges. It may be noted that the high figure 
given for transplants from brown to transparent is not substantiated in 
the second series and that no cases of inflammation were recorded. The 
type here referred to as “ brown” is the dark colored form occasionally 
appearing in breeders’ stocks which most closely resembles the true wild 
fish. It is highly probable that the other types have arisen by mutation 
and by hybridization from the wild stock. It then appears that trans- 
plants to or from the wild-like form are more likely to be successful 
than those between mutant types. 

According to Chen (1928) the brown type is, in regard to the 
characters which he studied, to be considered as genetically identical 
with the gold type. It is probable, however, that most Shubunkins 


1 PBS 
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are produced by crosses between the transparent and the gold types. 
_It is therefore of some interest to note the relations existing between 
the gold and transparent types and their hybrid, the Shubunkin. These 
are shown in the portion of Table IV enclosed by the heavier line. It 
will be seen that the transplants involving the gold type are more suc- 
cessful than those limited to the white and transparent forms. The 
whole relationship seems to suggest that the further removed a type 
is from the characteristics of the wild stem form, the nearer it is to a 
condition of unbalance in its tissue relations and that this condition is 
revealed in transplants. This situation may possibly also be correlated 
with the conditions of greater variability in development in the trans- 
parent form and the Shubunkin when contrasted with the gold type as 
shown by Goodrich and Hansen (1931). 


(UAB EE SI: 


Percentage of homotiotransplants from first series showing destruction of scales. 
(Scale dissolved). 


Host 
Donor 
Brown Gold Shu. Trans. 
BRO WIRE or IN te tial eee ae 0 0 0 78 
(Colle res hearers ee Np! 0 11 23 24 
SIDE eins Aone Rm aan one 8 17 79 61 
INET Bas ee Es ae ene eine ee 0 22 62 61 


Loeb (1930) has emphasized the point that grafts from a parent 
strain to a hybrid show relatively slight antagonism, while a marked 
reaction is likely to occur when a transplant is made in the reverse 
direction. It will be noted that the results from the goldfish are not 
in accord with this generalization. 

Autotransplants of skin have been found in various groups of 
animals to be generally successful and to show relatively little tissue 
antagonism (cf. review by Korschelt, 1931). In many cases there is 
evidence of an interpenetration of tissues between the graft and the host 
until an equilibrium is reached. This does not usually appear to involve 
any extensive destruction of tissues, but the results of Rand and Pierce 
(1932) on Amphibia indicate that caution is necessary in drawing con- 
clusions from total preparations. The results here outlined in Part I 
from autotransplants, especially in the Shubunkin and in the gold and 
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silver type, give evidence of the interpenetration of tissues. This is 
shown by the migration of the chromatophores and closely parallels such 
results as those obtained by Sale (1913) and Seelig (1913) on guinea 
pigs. Seceroy (1912) found a less rapid penetration in autotransplants 
of the skin of the fish Nemachilus barbatula and a relatively slow or 
incomplete replacement of tissue in homoiotransplants. 


CoNCLUSIONS. 
Pari I 


1. Autotransplants on all types of goldfish succeeded without loss 
of any of the tissue elements, epithelium, dermis, or horny material. 

2. Autotransplants on fish having two or more different colored areas 
showed that scales without pigment when put into either gold or black 
regions assume a complement of chromatophores similar to the surround- 
ing area. Pigmented scales keep their chromatophores when put into 
an unpigmented region and there is a tendency for these pigment cells 
to invade the surrounding dermis. Melanophores were found to migrate 
faster than xanthophores and to wander farther from the graft. 

3. In homoiotransplants of scales between individuals of the same 
or different varieties, the reflecting tissue and chromatophores degen- 
erated. After the loss of donor pigment, however, many of the scales 
assumed the chromatophores of the host. 


Part II 


4. Some degree of tissue incompatibility is found in all homoio- 
transplants. This varies from that apparently causing only the disin- 
tegration of chromatophores to that bringing about the destruction of 
the whole scale and accompanied by inflammation. 

5. A wide variation in degree of tissue antagonism has been observed 
even between similar pairs of fish. The following relations, however, 
seem to be indicated : 

A higher percentage of tissue antagonism is usually observed when 
the less pigmented types (Shubunkin and transparent) are involved 
than when the more pigmented:types (brown and gold) are used, and 
transplants with the brown type show less antagonism than any other 
exchanges. 

The further removed a pair of individuals is from the character- 
istics of the wild form, the more likely it is that incompatibility will 
be found in transplants between them. 
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THE DIFFERING EFFECTS OF DIFFERENT PARTS OF 
THE, VISUAL, HIELD UPON rn CHROMATORE ORS 
RESPONSES ©F FISHES 


FRANCIS B. SUMNER 


(From the Scripps Institution of Oceanography, University of California, 
’ La Jolla, California) 


In two previous publications I have discussed a problem which 
presents itself when we consider the chromatophore responses of fishes 
to their background, under various conditions of illumination. It has 
long been known that many fishes become extremely dark upon a black 
background and very pale upon a white one, while they assume inter- 
mediate shades upon backgrounds which are likewise intermediate. An 
interesting feature of this situation is that the response to a given back- 
eround is largely independent of the absolute degree of illumination of 
the latter. A black background, in direct sunlight, will call forth the 
maximum degree-of darkening, while a white background, in rather 
dim light, will call forth nearly or quite the maximum degree of pallor. 
In a gray container, too, the shade of the fish will approximate that of 
its surroundings, regardless of the intensity of illumination. It is 
obvious, however, that a neutral gray surface, brightly illuminated, may 
reflect far more light—specifically, far more white light—than a white 
surface dimly illuminated. Why then, does the fish assume a darker 
shade on the former than on the latter? 

To answer this question, I believe, we must consider why we our- 
selves recognize a surface as black, white, or gray, regardless of the 
degree of illumination to which it.is subjected. The answer is simple. 
The object in question is perceived in relation to the total visual field. 
When, on a dark night, we recognize a sheet of white paper as white, it 
is because we make a “ correction,” as it were, for the dimness of the 
general illumination. If, for any reason, we are misled respecting the 
degree of illumination to which an object is subjected, we may see a 
gray object as white, or vice-versa. 

Does not the fish react in a manner quite similar to this? For flat- 
fishes, I have already argued that the animal is controlled not by the 
absolute intensity of the light reflected from the substratum, but by the 
ratio between this and the source of illumination overhead.? In the 


1 Sumner, 1911; Sumner and Keys, 1929. 


2 Sumner, 1911. In this idea of reaction to a ratio, I was anticipated by Keeble 
and Gamble (1904). 
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more recent paper by Sumner and Keys (1929), it was shown experi- 
mentally that when the underlying surface was caused to be considerably 
lighter or darker than would normally result from the given apparent 
source of illumination, the fish became paler or darker, as the case might 
be, than the background in question. Similar experiments with catfish 
(Pearson, 1930) have confirmed these results, at least within a consid- 
erable range of ilumination.® 

Since, of course, the fish has no notion respecting the source of 
illumination nor any means of identifying this, we may say that it 
reacts to a ratio between light received from two different portions of 
the visual field. One of our present problems is to identify these two 
portions, if only approximately. How much of the total field belongs 
in the numerator of our fraction; how much in the denominator? How 
much acts in a positive sense, such that making it lighter or darker in 
relation to the rest causes the fish, likewise, to become lighter or darker ; 
how much in a negative sense, such that increasing or decreasing its 
relative brightness calls forth converse changes on the part of the fish? 
While I have not been able to answer these questions in a quantitative 
way, I trust that some light is thrown upon the subject in the following 
pages. 

In my earlier experiments with the small flatfish, Rhomboidichthys 
(= Platophrys) podas (Sumner, 1911), I showed that the bottom of 
the container in which the fish was kept was far more influential in 
determining the chromatophore responses of the latter than were its 
walls. This was surprizing, in view of the fact that the fish itself com- 
monly covered a very considerable fraction of the bottom, and that it 
lay much of the time with its head fairly close to the vertical walls of 
the jar. In another flatfish, Lophopsetta maculata, while the influence 
of the bottom was predominant under ordinary conditions, that of the 
near-by side walls of a small container was much more pronounced 
than in Rhomboidichthys. This difference between the two species was 
due, perhaps, to the lesser degree of motility of the eyes of Lophopsetta, 
as compared with those of Rhomboidichthys, which are placed on movy- 
able stalks and enable the fish to look almost directly downward. 

If the color changes of fishes have a bionomic value in relation to 
concealment, one would expect bottom-dwelling fishes such as flounders 
to be influenced primarily by the substratum on which they lie. In 
freely swimming fishes, on the other hand, which move at various levels 
through the water, one would not expect the substratum to exercise such 
a predominant influence. 


3 Earlier experiments by Mast (1916), with somewhat different methods, had 
given results which only partially harmonized with those here cited. Mast’s 
procedure has been criticized by Summer and Keys (1929). 
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I have performed several experiments upon the common Pacific 
killifish, Fundulus parvipinnis Girard, in order to determine the relative 
influence of the bottom and walls of the small glass aquaria in which 
the fishes were kept. Ten medium-sized specimens were placed in 
each of two shallow, cylindrical glass aquaria, 25 cm. in internal 
diameter by 14 cm. deep.t In one of these, the bottom was painted 
black, the walls white; in the other the condition was reversed. At the 
close of two months (the definitive condition was doubtless reached in 
much less time), the following conditions were noted. The eight sur- 
vivors in the black-bottomed, white-walled aquarium were distinctly 
darker and more opaque than those in the white-bottomed, black-walled | 
one. This was made certain by pouring the two lots simultaneously 
into white containers and making the comparison immediately, before 
color changes occurred. It is evident that in this experiment the bottom 
had exerted more influence than the walls, despite the fact that the 
former had an area of 491 square centimeters and the latter an area 
(below the water line) of 589 square centimeters. It must be noted, 
however, that the walls were far from being without influence. Fishes 
in the white-bottomed container were distinctly darker than those kept 
in an all-white one, while fishes in the black-bottomed container did not 
become as dark as those in an all-black one. 

In another experiment, carried out earlier, the bottom areas were 
much more restricted, in proportion to the walls. Small battery jars, 
18 cm. high by 13 cm. internal diameter, were used. The water was 
10 cm. deep. Here the ratio of bottom surface to wall surface below 
the water line was about 1 to 3. Since running water was not used, the 
fishes probably swam near the surface much of the time. Five jars of 
each sort were employed, each containing two specimens. Careful com- 
parisons by two observers were made on several different days, the 
fishes on each occasion being poured simultaneously into all-white jars. 
In every case the fishes from the black-bottomed jars were darker.° 

The experiments hitherto described are open to one objection, 
namely, that the visual field is continually changing with the movements 
of the fish, or even with the movements of its eyes. Thus areas of 
very different degrees of illumination may be imaged in turn upon the 
same region of the retina. If different areas of the retina have different 
potencies, in relation to their control over the chromatophores, the 
experimenter must devise a method by which each region may be sub- 
jected more or less continuously to the same stimulus. It is the chief 

4The depth of water, controlled by siphon outlets, was here about 7.5 cm. 

5 It is only fair to mention that a later trial of this experiment, with only one 


jar of each type, gave a result which was not in accord with the preceding. In- 
dividual propensities to swim at different levels may account for these differences. 
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purpose of the present paper to discuss results obtained by the use of 
one of these methods. 

Von Frisch (1911) described the results of some experiments in 
which he had covered the eyes of trout partially or completely with a 
mixture of vaseline and lampblack. This substance, he tells us, com- 
monly remained in place for a quarter of an hour or less, after which 
it fell off. In brief, von Frisch’s findings were as follows: 

(1) Covering both eyes completely gave varying results, but in the 
majority of cases a decided, though not maximal, darkening occurred. 

(2) Covering one eye completely resulted in the fish’s becoming 
extremely dark; thus, darker than when both eyes are covered. In the 
majority of cases the darkening of the body was unsymmetrical, the side 
opposite to the covered eye being the darker. 

(3) Covering the lower half of both eyes likewise led to a very dark 
condition. 

(4) Covering the upper half of both eyes, on the contrary, had no 
effect upon the coloration. The fishes (which, during the experiment, 
were on a white background) retained their pale shade. | 

(5) Covering the lower half of one eye led to a pronounced unsym- 
metrical darkening ; covering the upper half of one eye gave no result. 

Von Frisch’s method was inadequate in at least two respects. In 
the first place, the duration of treatment which it allowed was hardly 
sufficient for definitive results. In the second place, it was not possible, 
as he himself admits, to be sure that the covering was completely im- 
pervious to light. Any foreign object of this sort-is soon detached by 
the secretion of mucus on the eye, and it probably separates partially 
from the surface sometime before it actually falls off. 

Early in 1931, the present writer commenced an analogous but much 
more extensive series of experiments. After considerable trial and 


-error, the following method was developed. Since it may be of value 


to other investigators, it seems worth while to describe this rather fully. 

Gelatin medicinal capsules (chiefly the “No. 0” size, 7 to 8 mm. 
diameter) were dipped repeatedly into a solution of celloidin of medium 
thickness, the solvent being allowed to dry somewhat between times. 
After several layers of celloidin were accumulated in this way, the de- 
sired pattern was painted upon the rounded end of the capsule 7 in India 
ink by means of a fine brush. This also was repeated a number of times 

6 Parker and Lanchner (1922) covered the eyes of Fundulus heteroclitus with 
opaque screens, produced by pouring over them a mixture of collodion and lamp- 
black, held in position by threads which had previously been stitched around the 
margins. Such drastic treatment would, however, seem likely to interfere with the 


normal responses of the fish. 
7 Both the body of the capsule and the cover may be used for the purpose. 
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to give the necessary opacity. After allowing the ink to dry ® the cap- 
sules were dipped several times more into the celloidin solution. It was 
highly important to lay on enough of this substance to make the final 
product sufficiently rigid. The celloidin was again thoroughly dried, 
after which the gelatin of the capsules was dissolved out in water at 
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Fie. 1. a a, ua and = false corneas, wholly transparent, wholly opaque, 


and ones completely shading the lower and upper portions of the visual field (all 
uncolored). a, b,c, d, e, and f, additional types of ‘‘ cornea’”’ employed in a limited 
number of experiments. Dark regions completely opaque. 


about 50° C. The celloidin coatings were now ready for trimming. A 
convex circular area was cut out from the end of each, in size somewhat 
larger than the exposed surface of the eye of the fish to be experimented 
upon. 
In practice, these celloidin eye-caps, which I shall speak of as 
8 A drying oven at low temperatures was used for this and for drying the 


celloidin. The capsules were placed upon rows of pegs, consisting of finishing- 
nails driven into a board. 
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“ corneas,” were fitted into the front of the orbit of the fish, much as a 
glass eye is fitted into the orbit of a human subject. The fish was first 
anesthetized by being placed for a few minutes in a 1 per cent solution of 
urethane in sea water. No cutting of the tissues was necessary, though 
the conjunctiva was unavoidably lacerated somewhat by the edge of the 
celloidin cap. In most cases, these “corneas” remained in place for 
some hours at least, and frequently for a day or more.® 

The accompanying diagrams (Fig. 1) show the types of uncolored 
“corneas”? which I employed, i.e., ones upon which only black India 
ink (in the first case none at all) was used. Along with these diagrams 
are given the symbols for each which will be used in the ensuing text. 


The o was a cap of transparent, uncolored celloidin. The Be was 


Bk 
intended to be completely opaque. In the later experiments, this point 
was tested by rather careful examination. The us and is were com- 


monly divided into closely equal areas, so that when fitted into the orbit, 
the horizontal line of division passed approximately through the center 
of the pupil. Some were made, however, in which the opaque areas 
covered approximately one-third and two-thirds of the surface, re- 
spectively. When these were in position, the margin of the black area 
would just reach the pupil, in the one case, or just expose the edge of 
it in the other. 

Certain other types of “cornea,” which were used in only a few 
experiments, are represented on the right-hand side of the figure. The 


; k 
first two are obviously merely the a or ua rotated through an angle 


of 90°. Inc and d, the opaque spot and aperture, respectively, are of 
about the diameter of the pupil, while in e and f, the bar and the cleft 
are likewise intended to be of the width of the pupil. In practice, no 
such exact correspondence in dimensions was found possible. 

Many experiments were also conducted with variously colored 
corneas. For this purpose Higgins’s colored drawing inks were used. 
These, in thin layers, were found to be sufficiently transparent, though, 
needless to say, the character of the light thus transmitted was very 
imperfectly known. In the case of yellow, a much more satisfactory 
result was obtained later by using celloidin colored by picric acid. These 


9In one case, they were removed after remaining seven days over both eyes. 
After a day or two, however, results cease to be very instructive, owing to injury 
to the eyes. 
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colors were used singly or in almost every possible combination with one 


another or with white (1.e., uncolored areas) or black. Thus I had - 


(all yellow), =e (black above, yellow below), > (colorless above, yel- 


low below), = (blue above, yellow below), etc. 


‘ 


Experiments with these “ goggles,’ as they were familiarly called, 
were commenced early in 1931, and have been conducted at intervals 
almost until the present time of writing. Altogether, several hundred 
of the “ corneas’ have been prepared, and records obtained from more 
than 200 fishes. As in the case of most biological experimentation 
which is carried beyond its initial stages, baffling contradictions and 
inconsistencies have been encountered, and for some of these no recon- 
ciliation has yet been found. This fact has been responsible for con- 
tinual delay in my publication of these results, but present circumstances 
make it undesirable that I should postpone this report any longer. 

The fishes here used were all of a single species, Fundulus parvipinnis 
Girard. Medium-sized or large specimens were used, ranging from 6 
to 9 cm. in length. The sexes were not readily distinguishable during 
the winter and early spring, when most of these experiments were con- 
ducted. The effect of sex upon the color reactions at such times is very 
questionable. In the last of the series (May and June, 1933), females 
alone were employed, except for the purposes of comparison. 

In a small proportion of cases, the fishes were tested before the 
experiments, in order to determine whether their chromatophore reac- 
tions were normal. This precaution was not generally taken, however, 
since otherwise healthy individuals seldom or never failed to respond in 
a striking manner to the shades of background here used. Much more 
frequently, a test of this sort was made after the fish had been subjected 
to experimentation. In some of these cases, the damage inflicted was 
found to have greatly impaired the animals’ capacity for response. 

I shall first consider those experiments into which the color element 
does not enter, i.e., ones in which the “ corneas’ have been coated with 
black ink or none at all. It may be useful to commence with compari- 
sons between my own results and von Frisch’s, in those cases in which 
we have performed analogous experiments. 

In agreement with von Frisch, I found that when both eyes were 
covered with us corneas—at least, when the upper and lower areas 
were approximately equal—the result was invariably a high degree of 
darkening on the part of the fish, regardless of the background on 
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which it was placed. This, indeed, was the most constant result ob- 
tained in the course of these experiments. The fishes (14 cases) were 
invariably much darker than controls, and were in most instances of 
nearly maximum darkness. At the same time, the scale pattern was 
commonly pronounced, owing to the expansion of the chromatosomes 
(Sumner, 1933) belonging to the melanophores which outline the scales. 
This is in contrast with the effects of some stimuli, which lead to the 
effacement of the scale pattern, even though the fish may remain fairly 
dark. 

In a limited number of cases, as already stated, the shaded and un- 
shaded portions of the “cornea” were not of equal extent. In two 
out of three cases in which the shaded area just reached the pupil, 
a less pronounced darkening resulted than when the field was equally 
divided. In two out of three cases in which the pupil was nearly or 
quite covered,!° a more pronounced darkening resulted. 

I am also in agreement with von Frisch in finding that covering both 
eyes completely with opaque screens resulted in a decided, though not 
maximal, darkening of the fish. I have records of 11 cases. Like 
von Frisch, I found considerable variability in the outcome of these 
experiments, even in the later ones (6 cases) in which care was taken 
that the blinders were completely impervious to light.1* Von Frisch 
conjectures that, even when the eye is completely covered, the retina 
may be stimulated by light entering through the translucent tissues of 
the head. For this I find strong evidence. In a number of cases, 
fishes with eye-caps, including some of known opacity, were found 
to undergo unmistakable changes of shade when transferred from white 
to black containers and vice-versa. The changes were in the same 
direction as those displayed by normal fishes, though much less in de- 
gree. | 
In some other respects, on the contrary, the results of my experi- 
ments upon Fundulus are in sharp disagreement with those of von 
Frisch upon the trout. Covering one eye completely led to a less pro- 
nounced effect than covering both eyes. This experiment was per- 
formed deliberately four times, and came about unintentionally in a 
number of other cases through the accidental detachment of one blinder. 
Throughout the entire course of these experiments, indeed, the loss 
of one of the “corneas” was a frequent occurrence. In general, it 
may be said that the covering of one eye by any type of cornea led to a 
result intermediate between that expected from the given type of ex- 

10T.e., hidden from view. In reality, considerable light must have entered 


from above. 
11 So far as revealed by a hand lens. 
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periment when both eyes were covered and that shown by the controi 
fish upon the background in question. Frequently, indeed, the fish 
with one eye covered was almost indistinguishable from a control. 
Never was it recorded as displaying a more extreme condition than 
did the same fish when both eyes were covered. 

I have likewise failed to note any trace of asymmetry in the chroma- 
tophore reactions of fishes, in consequence of covering a single eye. 
This was watched for closely during the later stages of the experiments. 

Von Frisch obtained no results of significance from experiments in 
which the upper half of each eye was covered. He reports only three 
such cases, and apparently in each instance the fish was returned to a 
white background and not tested upon any other. This last circum- 
stance, I believe, was responsible for von Frisch’s failure to observe a 
highly significant phenomenon. 

Bk 

The Ww 
those cases in which the cornea was divided about equally between the 
opaque and the transparent areas. Of these, more than 25 yielded 
significant results, the rest being inconclusive, owing to complications 
of an irrelevant nature. 

So long as they were kept in white containers, these fishes, in most 
cases, resembled the controls rather closely, or they were sometimes 
slightly darker than these. When transferred to a dark neutral gray,” 
on the other hand, they commonly remained distinctly paler than the 
background, and paler accordingly than control specimens, which usually 
conform themselves rather closely to backgrounds of this shade (Fig. 2). 

In cases in which the darkened area of the cornea just reached the 
pupil, a paling effect ensued which, however, was less marked, in two 
fishes out of three, than when the dark and clear areas were of equal 
extent. In three cases, on the contrary, in which the darkened area 
nearly or quite covered the pupil, the fishes were distinctly darker than 
when this was of smaller extent. » 


experiment was performed by me 34 times, including only 


: Bie be: 
Since these results with yp Comneas are perhaps the most significant 


ones reported in this communication, they deserve some further discus- 
sion. Taken at face value, they seem to furnish strong support for. the 
hypothesis that the chromatophore reactions of fishes are determined 
by the relative luminosity of the lower and upper portions of the visual 
field, the former stimulating the chromatophores in a positive sense (.e., 
in the direction of conformity), the latter in a negative sense. And de- 


“ce 


12 This was closely similar to the 
ards and Nomenclature.” 


slate color” of Ridgway’s “ Color Stand- 
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spite certain complicating circumstances, I believe that this is, in real- 
ity, the most probable interpretation of the results. 

Unfortunately for the solution of this problem, however, the Jower 
field: upper field ratio is only one of several factors which influence the 
shade assumed by these fishes during an experiment, and it is not easy 
to disentangle the part played by these various factors. If this ratio 


Fic. 2. Fishes wearing a and = corneas, along with a control. The first 


will be recognized as the darkest, the second as the palest, the control being inter- 
mediate. For photographic reasons, the fishes all appear somewhat too dark, rela- 
tive to the background. 


alone determined the result, one might expect that a fish, swimming 
over a well-lighted gray background, with total darkness everywhere 
above the horizon, should assume a maximum degree of pallor. In 
reality, the fish seldom does this. It is not unlikely, however, that this 
difficulty may be only an apparent one. The probability has already 
been pointed out that considerable light reaches the retina through va- 
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rious tissues of the head, beyond the margins of the false cornea. It 
is thus probable that the upper half of the visual field is not totally dark 
in these experiments.** 

Again, it is known that the absolute degree of illumination has a 
decided influence upon the shade assumed by many fishes, irrespective 
of the background. This can be observed, in the case of Fundulus, by 


rent Bk 
watching them as they swim in and out of shaded places. The —; 


W 
specimens in the foregoing experiments exhibited this phenomenon in 
a high degree. They frequently assumed a grayish appearance while 
on the shaded side of the jar, becoming intensely pale upon emerging 
into the light. 

A more serious complication, in our endeavor to interpret these ex- 
periments, arises from the unavoidable presence of stimuli due to the 
mechanical pressure of the eye-caps themselves, as well as to the sup- 
pression of all movements of the eyes. To test the effects of these 
stimuli, a considerable number of fishes (15) were fitted with “ cor- 
neas ” of clear, uncolored celloidin. The majority of these specimens 
became recognizably different in appearance from controls, the differ- 
ence commonly lying in the direction of increased pallor, when on gray. 
In one of the cases, indeed, it is recorded that such a fish was even paler 


2) 


Bk 
than the —— specimens which were available at the time for com- 


Ww 
parison.** 

This circumstance doubtless weakens our argument based upon the 
effect of the 3 corneas. Mechanical pressure upon the eyes tends to 
cause contraction of the melanosomes of the body. Some stimuli (e.g., 
darkening of the lower part of the visual field) are sufficient to over- 
come this effect. Where there are no opposing stimuli, it persists. 
May not this be the entire explanation? 

That this explanation is not a satisfactory one is indicated by the 
fact that these cases of extreme paling were seldom met with among 


13 Unpublished experiments upon Lebistes have shown that both eyes of a 
young specimen may be extensively damaged by electrocautery without seriously 
interfering with the capacity of the fish to adjust itself to black and white back- 
grounds. In many cases, the eyes were so badly damaged that a person thus 
affected would doubtless rate as “totally blind.’ When complete destruction of 
the eye was accomplished, on the other hand, the capacity for response to back- 
ground was entirely abolished. 


: ; : : : 2 Bk 
14 Leaving out of consideration another case, in which the available Ww fishes 


had corneas 1/3 and 2/3 black, respectively, and remained relatively dark (see 
below). 
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fishes with transparent colorless corneas (Z), while they occurred not 


: B : 
only in a large proportion of the pe fishes, but in some of those in 


W 


which the upper halves of the corneas were merely colored deeply with- 
out being rendered opaque. In eight out of nine experiments in which 
direct comparisons are possible with - and a specimens, including 
those most recently and carefully performed, the latter are recorded 
as being distinctly paler than the accompanying pp ones: 

While von Frisch detected no effect from darkening the upper half 
of the field of vision, he does not contend that this part of the field 
plays no role whatever in determining the chromatic reactions of the 
fish to optic stimuli. From the fact that a more extreme darkening is 
produced by covering the lower half of each eye than by covering both 
eyes completely, he concludes that the former response involves a con- 
trast effect, the contrasted elements being, of course, the upper and 
lower halves of the field of vision. Similarly, the results which he re- 
ports from covering one eye of a fish, namely, a more extreme darken- 
ing than when both eyes were covered, were held to substantiate the 
same view. ~The receptor elements here concerned, if I understand him 
correctly, were the Jower half of the covered eye (the upper half being 
irrelevant), and the upper half of the uncovered eye (the lower half 
being irrelevant). 

Bauer (1905) had earlier adopted a similar contrast theory in in- 
terpreting the results of his experiments with isopod crustacea. If 
one half of the visual field was darkened while the other remained il- 
luminated, the animal became intensely dark, and it mattered not, in 
these experiments, which half was darkened and which was illuminated. 
Von Frisch believes that the fish differs from the isopod, in that the 
visual field of the former is, in a sense, polarized, the upper and lower 
halves playing different roles. 

As stated above, my experiments with Fundulus furnish conclusive 
evidence, for this fish at least, that an opaque covering over one eye re- 
sults in a darkening which is not only far from maximal, but considerably 
less pronounced than that which results from covering both eyes. 

Furthermore, results from the limited number of experiments in 
which the light and dark areas were arranged as shown in Fig. 1, a and 
b, were not in harmony with the contrast theory, at least in the form 
in which it is stated by von Frisch. When the field of vision was thus 
divided by a vertical line into anterior and posterior halves, the result 
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was in each case a slight or moderate degree of darkening. This was 
irrespective of whether the darkened half was anterior or posterior. 
The fish upon white was in some cases nearly as pale as the control, 
never was it of maximum darkness. 

It is desirable at this point to include the results from the use of 
the four other types of cornea shown in Fig. 1, although their meaning 
is not clear. Two trials were made with each of these. Arranged in 
order of increasing darkness, the fishes, in both trials, lined up as 
follows on gray backgrounds: ¢, c, f,d. The first of these (e), in each 
case, was of a pallor approaching that of the o fishes; the last (d) 
was of more than medium darkness. The data are insufficient for an 
interpretation of these results. As indicating that the lower half of 
_ the visual field exerts an influence in a positive direction upon the shade 
assumed by the fish, these results may be regarded as being in harmony 
with ones previously described. It will be noted that d and f were 
darker than c and e. On the contrary, the parts played here by the 
central and upper portions of the field are far from clear. Before 
reaching any safe conclusions, more numerous experiments would be 
necessary, in which the exact position of the pupils in relation to the 
clear areas was carefully controlled. 

While I believe that von Frisch is correct in his contention that the 
upper and lower halves of the visual field play different roles in rela- 
tion to the pigmentary responses of fishes, I believe that he is wrong 
in restricting the role of the upper half to that of intensifying by con- 
trast, when bright, the effect of a darkened lower half. My evidence 
as a whole seems to show that a darkened upper half has a definite 
negative effect in causing the fish to react to a background of medium 
or darker shade as if this were very much paler than it is in reality. 
This effect is complicated, it is true, by the influence of other stimuli, 
so that it is not always clearly recognizable. 

If the upper and lower portions of the retina really have different 
potencies in determining the color reactions of fishes, this fact might be 
expected to reveal itself if, in any way, these areas could be transposed 
and the visual field thus inverted. As a matter of fact, I virtually ac- 
complished this inversion in the case of several specimens. The fish 
was anesthetized and each eye severed from its connections with the 
orbit, save for the optic nerve. The ball of the eye was then rotated 
on its major axis through an angle of 180°, and fastened in its new 
position by stitches or otherwise. But the operation proved to be too 
drastic, and none of the fishes were thereafter capable of making any 
chromatic responses whatever, although four specimens lived for some 
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hours. Possibly a more skillful ophthalmic surgeon than I might have 
had better success. ; 

An apparatus was also contrived, by which light could be projected 
into the eyes of fishes, held in position in special glass tubes made for 
the purpose. Small glass windows applied closely to the fronts of the 
eyes at the ends of brass tubes were so painted as to control the por- 
tions of the retina which were darkened or illuminated. Light was 
supplied by two electric flash-light lamps. Thus far, the results have 
not been very instructive, since the desired experimental conditions do 
not seem to have been fully realized. 

In conclusion, I shall make rather brief mention of the experiments 
with colored corneas. No extended discussion of these experiments 
seems warranted, despite the very large amount of time which was de- 
voted to them. This is owing to the inconclusive nature of many of 
the results. In my earlier experiments (January, February, and March, 
1931) I seemed to find unquestionable evidence for a specific effect of 
yellow “ goggles” upon the color of the fishes. In a considerable num- 
ber of cases, a rather rich yellow resulted from this treatment, much 
as it did from keeping a fish for some hours or days upon a yellow 
background. Examples of such an effect were shown at various times 
to members of the Scripps Institution staff, as well as to visitors, and 
records of these experiments make it evident that this result was re- 
garded at that time as the rule. 

This marked yellowing of the fishes, due doubtless to the contrac- 
tion of the melanosomes and simultaneous expansion of the xantho- 
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somes, followed the insertion of = corneas, as well as of =, y and 


Be : 
Vy oones. The effect would thus seem to be the result of stimulating 


the whole or a part of the retina by light of certain wave lengths. No 
contrast between different parts of the visual field was required. This 
is, of course, in harmony with the findings of von Frisch and others 
in experiments with the effects of monochromatic light. 

Red likewise appeared to bring about a characteristic chomatic re- 
sponse, the fish becoming not intense red, but pale reddish brown, of 
the same shade as is assumed by this species when kept in a red con- 
tainer. Green and blue brought about no probable specific color 
changes, though blue corneas induced a neutral or sometimes slightly 
bluish gray, which differed distinctly from the buff or yellow appear- 
ance of fishes exposed to yellow. 

In harmony with the previously described experiments, in which the 
upper or lower portions of the corneas were rendered entirely opaque 
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by black ink, those which were colored above or below exerted, in many 
cases, an influence upon shade, whether or not a specific color effect was 


shown. Thus, a (blue over white) sometimes led to a condition paler 


a 


/ 


than controls ; By 4 condition darker than these. 

In view of the apparently convincing nature of some of the fore- 
going experiments with yellow or partially yellow corneas, it was 
decidedly disconcerting, in a recent rather prolonged series of experi- 
ments, to encounter an almost complete absence of such effects. In 
order to determine whether these negative results were due to a change 
in the reactions of the fishes to color stimuli from any source, I next 
subjected a considerable number of fishes from the same stock, and of 
both sexes and various sizes, to the influence of yellow aquaria. Little 
or no specific color effect was now manifest. This was surprizing, in 
view of the striking responses to yellow backgrounds which had been 
manifested some months earlier,t® and which were made the basis of 
experiments upon the possible effects of visual stimuli on xanthophyll 
formation (Sumner and Fox, 1933). 

It is probably significant, in relation to these contradictory findings, 
that the first three of my series of experiments were conducted during 
the months of January, February, and March, while the last was carried 
on in late May and early June.1° Some unknown metabolic change, due 
to season, must be credited with this undoubted difference in the 
chromatic reactions of these fishes. 

Before closing, it should be stated that we unduly simplify the reac- 
tions of these fishes when we speak merely of their turning “ pale” or 
“dark.” The melanophores at different depths of the tissues respond 
more or less independently of one another. A fish may show little 
melanin in the superficial melanophores and yet remain fairly dark. 
When this deeper pigment disappears from view a translucent condition 
ensues. Likewise, the xanthopores react independently of the melano- 
phores, and differences of color as well as of shade appear which fre- 
quently have nothing to do with the color of the background. The 
same fish, in its deeper tissues, may appear yellowish, greenish, or bluish, 
or may have a curious coppery tint, all without known causes. These 
changes naturally complicate any interpretations of experimental results. 
Anesthetization of the fish with urethane results not only in a marked 

15 Various students of chromatophores, e.g., Fries (1931) have likewise noted 
the marked effects of yellow backgrounds upon Fundulus heteroclitus. 

16 J] have records showing that Fundulus gave pronounced responses to yellow- 


walled containers during every month from October to February, inclusive (Oc- 
tober 23—March 1). 
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darkening, due to the expansion of the melanosomes, but commonly 
leads to a conspicuous display of the yellow pigment as well. These 
effects frequently do not disappear for a half hour, or even considerably 
more, after apparent recovery of the animal from the anesthetic, a fact 
which must be borne in mind by the observer. 


SUMMARY 


(1) Darkening the lower half of the field of vision by the insertion 
of false corneas of celloidin resulted in a pronounced darkening of the 
entire dorsal surface of the fish (Fundulus parvipinnis), even when the 
animal was kept upon a white background. 

(2) Darkening of the upper half resulted in no visible change (un- 
less a slight darkening) when the fish was on white, but a fish so treated 
was commonly considerably paler than a control when placed upon a 
dark gray background. This fact, along with that stated in the preceding 
paragraph, seems to support the view that the shade which a fish assumes 
upon a given background is determined by the relative luminosity of 
the upper and lower portions of the visual field, the latter acting in a 
positive sense, the former in a negative. 

(3) Various other stimuli, optical and otherwise, were found to 
affect the shade assumed by the fish, and these greatly complicated the 
interpretation of the experiments. 

(4) Covering both eyes with opaque “blinders” resulted in the 
assumption of an intermediate shade. Contrary to the findings of von 
Frisch with the trout, the covering of one eye, in a fish kept on a white 
background, resulted in only a slight darkening. Furthermore, no trace 
of asymmetrical chromatophore response on the body was noted, fol- 
lowing asymmetrical optical stimulation. 

(5) In experiments during the winter and early spring, it was found 
that transparent “corneas”? which were stained yellow, either through- 
out their entire extent, or in the lower half only, led to the assumption 
of a distinctly yellowish hue by the fish. In another series, some months 
later in the year, little evidence of such color changes was found. This 
accorded with the fact that these fishes responded markedly to yellow 
backgrounds during the earlier months, and ceased to do so during the 
later ones. Some physiological change of a seasonal nature appears to 
be involved here. 

(6) Besides yellow, and to a lesser degree red, no other color evoked 
any specific color responses on the part of the fish. On the contrary, 
various color changes were manifest which obviously bore no relation 
to the chromatic stimuli. 
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The great disparity in the sex ratios reported for various species 
of shipworms indicates that the sex-differentiating mechanism must 
‘function somewhat differently than it does in animals that exhibit 
an equality or near equality of the two sexes. If examined during 
the breeding season the adults appear to be of separate sexes and 
frequently the females are many times more numerous than the males. 
More than eighty years ago Quatrefages reported a ratio of only five 
or six males in each hundred individuals of Teredo norvegica. Other 
investigators have claimed that various species of the genus are her- 
maphroditic. In Barnegat Bay, New Jersey, Nelson (1922) estimated 
that there was only one male to about every five hundred females of 
Teredo navalis. Similar statements appear in many treatises and text- 
books. Grave (1928) found a much smaller excess of females at- 
Woods Hole, Massachusetts, but May (1929) discovered only a single 
male among the individuals of 7. navalis which he examined from 
the coast of Germany. 

It has often been observed, however, that the mean size of the 
females considerably exceeds that of the males and it has been sug- 
gested that this disparity in size may be due to sex reversal of pro- 
tandric females. On'the other hand, the observed size differences might 
be assumed to result from a different metabolic rate in the two sexes, 
or perhaps the sex is controlled by the physiological conditions at the 
critical time of sexual differentiation. Only a‘few direct observations 
have been made to determine which, if any, of these alternative possi- 
bilities may be responsible. Yonge (1926) reports the examination of 
between two and three hundred adults of T. norvegica in summer at 
Plymouth, England, but found only separate sexes. At the same lo- 
cality in February he found two hermaphrodites among many indi- 
viduals of separate sexes and concluded that these two were in the act 
of changing from male to female. This was considered adequate 
evidence of protandry. Sigerfoos (1908) found many hermaphrodites 
among young individuals of Bankia gouldi and suspected that protandry 
is normal in that species of shipworm. Kofoid and Miller (1927) ob- 
served that males of T. navalis (T. beach Bartsch) in San Francisco 
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Bay are commonly smaller than females, but found no evidence that 
an actual change of sexual phase might occur. 

It is obvious that the question can be settled only by following the 
growth stages during the entire life and under a variety of environ- 
mental conditions. Such is the object of the present investigation. 

In a recent publication (Coe, 1933), reporting the destruction of 
mooring ropes in Long Island Sound by Teredo navalis morse: (T. 
morsei Bartsch, 1922), mention was made of the evidence for protandry 
in that species. Rope is such an unnatural and unsuitable material for 
the sustenance of shipworms that normal growth is inhibited and only 
dwarf, or stenomorphic animals are found. Yet such individuals may 
reach sexual maturity and produce a relatively small number of normal 


Fic. 1. Gonad of initial male phase, male type, with a few spermatozoa al- 
ready formed; cortical layer with only a few small differentiated ovocytes (oc) ; 
spgt, spg?, primary and secondary spermatogonia; spc1, spc?, primary and sec- 
ondary spermatocytes; spt, spermatids. 


gametes. All young individuals appear to pass through a functional 
male phase and most of them later become females. 

Histological study shows that the developing gonad is always more 
or less distinctly bisexual, each follicle consisting of an outer or cortical 
layer of ovocytes with a mass of spermatogenic cells filling the lumen 
(Figs. 1-3). Proliferation of spermatogonia proceeds rapidly and sper- 
matogenesis follows so quickly that the gonad may be filled with ripe 
spermatozoa within five to six weeks after the young animal has com- 
pleted metamorphosis. Before the spermatozoa have been discharged, 
however, the ovocytes in the cortical layer have begun the deposit of 
yolk in anticipation of the following female phase (Fig. 3). Entirely 
parallel conditions are found in 7. navalis novanglie at Woods Hole 
(Figs. 4-6). 


In both these varieties there is much variation in the relative pro- 
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portion of cortical ovocytes and medullary spermatic tissue, with a fairly. 
definite correlation between the early deposition of yolk and the abun- 
dance of male cells. With the exception of older animals which had 


Fic. 2. Primary gonad of protandric female, with cortical layer of yolk- 
forming ovocytes and numerous ripe spermatozoa (spz) in the lumen of the 
follicle; rc, residual cells (mainly smaller ovocytes) which form the germinal 
cells of the gonad after the first ovulation; other letters as in Fig. 1. 


Fic. 3. Later stage in the gonad of protandric female preceding the first 
spawning period, showing the cortical layer of large ovocytes (oc) and small 
residual cells, with a few spermatocytes (spc), spermatids, and spermatozoa from 
the initial male phase remaining in the lumen. 


previously completed the male phase and showed only female char- 
acteristics, both types of sexual cells were present in nearly every one 
of more than two hundred gonads cut in serial sections. The youngest 
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sexually mature individuals would naturally be classed as males and the 
oldest as females, with an intergrading series between. 

The great variation in the proportion of cells characteristic of the 
two sexes that is also found in animals of apparently the same age 
indicates either an environmental influence or a dominating action of 
the genetic factors of one sex or the other. In general, the growth 


Fic. 4. Ovary at time of first ovulation, showing half-grown residual ovo- 
cytes (oc!) and small indifferent cells remaining after the discharge of the ripe 
ova (0c). 


Fic. 5. Initial male phase of gonad of protandric female with large ovocytes 
(oc) which reach maturity as soon as spermatogenesis has been completed. Smaller 
ovocytes (oc!) form the ova of the second ovulation. Other letters as in Fig. 1. 


of the cortical ovocytes seems to inhibit to some extent the proliferation 
of the spermatogenic cells, possibly through the assimilation of all the 
available nutriment. Thus the gonads of some individuals at the time 
when the first spermatozoa are formed may have a characteristically 
male appearance, with only a few scattered ovocytes of small size (Plate 
I, Fig. 8) or they may more closely resemble ovaries, each follicle having 
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a complete cortical layer of large ovocytes enclosing relatively few 
spermatogenic cells in the lumen (Plate I, Fig. 7; Plate II, Fig. 10). 
Not infrequently a more definitely hermaphroditic condition exists (Plate 
II, Figs. 11, 12) or various parts of the same gonad may differ in these 
respects (Fig. 6). 

In addition to the protandric females which under favorable condi- 
tions constitute the vast majority of the population, there occur a few 
individuals which appear to retain the male phase through life. 

These may be called true males to distinguish them from the male 
phase of protandric females. Most of these true males remain much 
smaller than the females of the same age but some of them may be as 
large as the average female. Selection for size alone would thus 
segregate most, but not all, of the males in a group of uniform age. 
The proportion of such males in a population seems to be greatest 
where the conditions for rapid growth are least favorable, indicating, 


Fic. 6. Portions of two follicles from the same gonad, showing variation in 
the relative proportions of ovocytes (oc, oc’) and spermatogenic cells; 1, indiffer- 
ent residual cells. Other letters as in Fig. 1. 


perhaps, that the environment may influence the expression of the sex- 
differentiating mechanism in the teredo as it appears to do in the oysters 
(Go 193Za, sanded). 

It has been repeatedly observed that after the animal reaches the 
female phase the first ovulation may take place while the body is rela- 
tively small. Only a few hundred ova are then produced, although 
the later crops may each include more than a hundred thousand. 

Several crops of ova may ripen in each well-nourished animal during 
the breeding season which extends over a period of about five months. 
As the size of the body increases the number of ova at each ovulation 
tends to become greater. 

In this species the ripe ova pass from the genital duct to the mantle 
cavity, where they are fertilized by spermatozoa brought into the body 
with the water which passes through the gills. During early cleavage 
the eggs reach the gill chambers and in this situation the embryos develop 
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into larve which are later liberated into the water as free-swimming 
veligers (Nelson, 1922; Kofoid and Miller, 1927; Grave, 1928). Sev- 
eral thousands of these bivalve larve may be discharged from the body 
within the space of a few minutes. 

The eggs usually, but not always, leave the ovary before the dis- 
appearance of the germinal vesicles. Contact with the sea water in the 
mantle cavity results in the rapid dissolution of the nuclear membrane 
and formation of the first polar spindle, if this has not already been 
formed in the ovary. The entrance of the spermatozoon leads to the 
formation of both polocytes. In contact with the gills the eggs com- 
plete cleavage, after which the young embryos become closely packed 
between the gill plates, where they continue development for two to 
three weeks. 

After ovulation the follicles of the ovary collapse to some extent 
but large numbers of residual ova remain to form the basis of the 
second crop of ova (Fig. 4). A second ovulation commonly follows 
shortly after the first crop of veligers has left the branchial chambers 
or about three weeks after the first. Occasionally, however, particularly 
in the early part of the breeding season, the second crop of ova reaches 
the gills while many of the larve of the first crop are still present. It 
is estimated that the larve spend from two to three weeks in the free- 
swimming stage before settling upon the wood in which they metamor- 
phose to the adult form. While the successive crops of young are 
being produced during the summer the animal has been rapidly growing 
in size and elongating its burrow in the wood, provided the nutritive 
conditions remain favorable and the extent of the remaining wood 
permits, 

The life span of the teredo is seldom more than one year, but the 
rate of growth is very rapid under favorable conditions. Sexual ma- 
turity may be reached within six weeks after metamorphosis in the 
warmer part of the year, when the body has reached a length of 15-30 
mm. Growth continues, however, and an animal a year old may have 


EXPLANATION OF PLATE I 


Fic. 7. Primary gonad with strong female tendency, showing the cortical 
layer of large ovocytes, with a relatively small number of spermatogenic cells in 
the lumen. 

Fic. 8. Primary gonad with strong male tendency, with only a few differen- 
tiated small ovocytes in cortical layer and abundant spermatogenic cells in the 
lumen. 

Fic. 9. Initial male phase nearly completed; lumen of follicle filled with vast 
numbers of spermatozoa; cortical layer with half-grown ovocytes. Transition 
stage from male to female phase. 
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attained the great size of 40 cm. in length and more than 9 mm. in 
diameter (Grave, 1928). Usually, however, the limits of the available 
wood do not permit so extensive a growth. All observers agree that 
relatively few sexually mature individuals survive their first winter 
and that death normally occurs before the end of the second winter in 
these localities, except in the case of those that were very immature 
during their first winter. 

Several broods of young may have been produced in the meantime 
but there is no evidence of a second change of sex. Having reached 
the definitive female phase the individual evidently continues to function 
as that sex throughout the rest of its life. 

The histological basis for the changes which the gonads undergo 
during the development of each of the sexual phases has been studied 
at all seasons of the year and under various environmental conditions. 
The principal features are reported on the following pages. 


HISTOLOGICAL BASIS OF THE SEXUAL PHASES 


Both at Woods Hole and in Long Island Sound the breeding season 
of the respective varieties of Teredo extends over a period of several 
months. The first ovulation may begin early in May for some indi- 
viduals and the last usually continues into October for others. In a 
large and well-nourished individual the aggregate of the young pro- 
duced may exceed a million. Larve are present in the water at all 
times during the breeding season (Grave, 1928). 

Consequently, as sexual maturity may occur in the young animals 
within six weeks after metamorphosis, there are innumerable over- 
lapping broods in the population of a locality each season. The con- 
ditions are further complicated by the fact that the metamorphosing 
young are likely to settle upon the same timbers that are already 
occupied by earlier arrivals. Only by placing pieces of wood in the 
water at frequent intervals can the ages of the occupants be ascertained. 

If such a wooden trap be set in the spring in an infested locality 
and examined the following spring, animals of many different ages 


EXPLANATION OF PLATE II 


Sections of gonads of three individuals of T. n. novanglie from Woods Hole, 
showing different aspects of sexuality in protandric females in early spring (March 
29) and shortly before the onset of active spermatogenesis. 

Fic. 10. Portion of gonad of feminine type of protandric female, with rela- 
tively few spermatogonia in lumens of follicles and large ovocytes on cortex. 

Fic. 11. Portion of gonad of masculine type of protandric female, with 
numerous spermatogonia and spermatocytes in the lumens of the follicles. Ovo- 
cytes form complete cortical layer. 

Fic. 12. Portion of gonad of the hermaphroditic type of protandric female, 
with only a few large ovocytes and numerous spermatogonia. 
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and of different aspects of sexuality will probably be obtained. The 
large ones will show a preponderance of females while the smallest, 
if sexually differentiated, will be exclusively in the male phase un- 
less the block is so greatly overcrowded that the differentiated fe- 
males have had no space for growth. In such a locality, if unprotected 
piling or other wooden structures have been in the water for a year 
or more, eight or nine somewhat different phases of the life cycle 
of the teredo, all of which are sometimes found in a single piece of 
timber, may be present at the beginning of the breeding season: (1) 
Large adult females, nearly one year old, which completed the pro- 
tandric male phase early the preceding summer. These are not usually 
very numerous but each may contain an enormous number of ova. 
(2) True males, of the same age as the oldest females ; very few but 
filled with large masses of spermatozoa. (3) Younger females which 
completed the male phase during the middle or later part of the pre- 
ceding summer, also with very numerous ova. (4) Small females which 
reached the female phase at the end of the last breeding season. (5) 
True males which shed one crop of spermatozoa at the end of the last 
breeding season. (6) Young hermaphroditic males, filled with sper- 
matozoa but also containing half-grown ova, showing that these indi- 
viduals represent the initial male phase of the protandric females; these 
are usually far more numerous than all the other types combined. 
(7) Young females in which the initial male phase may have been 
abortive. (8) Young true males, differentiated from the hermaphro- 
ditic males by the presence of only a few small ovocytes on the walls 
of follicles containing an unusually large number of spermatogenic cells. 
(9) Very small individuals which completed metamorphosis late in the 
autumn and have not reached sexual maturity; these may remain so 
small as to escape notice during the winter but their presence becomes 
evident in the spring. Not all of the phases enumerated can be easily 
distinguished from each other, for there are many intergrading stages 
associated with each phase (Plates I and II, Figs. 7-12) and the rate of 
growth is highly variable. 

If the timber has been in the water only since the middle of the 
preceding summer the oldest groups will not be found, and if it was 
placed in the water toward the end of summer only the younger groups 
will be present. 

Perhaps it may be assumed that in the teredo, as in other pelecypods, 
the necessary stimulus for ovulation is provided by the presence of 
spermatozoa of the same species after the water has reached the requisite 
temperature and that the spermatozoa are discharged by the sexually 
mature males through the stimulus of the rise of temperature alone. 
If such be the case there must occur a widely spread emission of sperm 
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by the true males and especially by the more numerous protandric males 
at the beginning of the breeding season as soon as the temperature of 
the water becomes sufficiently high. This occurs during the first half 
of May in the localities here considered. Grave (1928) records this 
critical temperature as 11°-12° at Woods Hole, although Nelson (1928) 
finds that the teredo in Barnegat Bay, New Jersey, requires a tempera- 
ture of about 15° to call forth the spawning reaction. The latter has 
generally been considered the critical temperature for the so-called 
T. navalis over the greater part of its supposedly extended range both 
in the Atlantic and the Pacific. 

The individuals which reached the female phase during the preceding 
summer and autumn will respond one after another as their ova become 
fully mature. Two to three weeks later the first larve are liberated 
into the water and after a free-swimming period of about the same 
length of time a new infestation of the wooden structures in the vicinity 
begins. 

As soon as the sperm of the much more numerous young protandric 
individuals are shed, their ova ripen and more abundant crops of larve 
are set free in the water day by day as the breeding season advances. 
A rapid rise in the temperature early in the breeding season may thus 
be followed by swarms of larve. A second period of excessive abun- 
dance is likely to occur shortly after these larvee have reached the female 
phase of sexual maturity eight to ten weeks later. In the meantime 
the older females continue the supply of newly hatched larve daily. 
It has been noticed frequently that the teredo will mature sexually and 
produce a small number of gametes even if the wood is so overcrowded 
as to prevent the normal growth of the individual. Even under so 
unfavorable an environment as rope, when the entire population con- 
sists of dwarfs, sexual differentiation seems to follow its normal course 
and the protandric females produce a small number of ova after com- 
pleting the functional male phase (Coe, 1933). 

Although the expression of femaleness usually increases with ad- 
vancing age, this rule appears to have some exceptions, for an occa- 
sional animal is found in which the hermaphroditic male phase is 
accompanied by the degeneration of ovocytes previously formed. It 
seems not improbable that such degeneration may occasionally include 
all the ovocytes and if such is the case a true male phase might follow 
a bisexual phase in which many ovocytes had already begun the deposit 
of yolk. It is obvious that the gonad of the young animal is not an 
infallible index of the potential sexuality of the fully mature individual. 

While all grades of bisexuality are found in the gonads, self- 
fertilization is not usual, for the sequence of male and female phases 
is so regulated that most of the spermatozoa of the initial male phase 
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are discharged before the ova are ready for fertilization. Normally an 
interval of at least several days intervenes between the two sexual phases. 
Sometimes a small number of ripe ova may be formed before sperma- 
togenesis is completed, but no case has yet been observed in which the 
gills contained embryos previous to the discharge of all the sperm. 


Development of Gonad 


In its early development, the gonad of Teredo is not greatly different 
from that described for other pelecypods (Coe, 1932a, 19326), with 
a branching system of tubular lobes or follicles, each of which is 
provided with a cortical layer of gonia, while the lumen is filled with 
proliferating spermatogenic cells (Fig. 1). 

The cortical layer, which is usually well demarcated in later stages 
of development, remains after the spermatogenesis of the preliminary 
male phase is completed to form the residual cells. The latter, as stated 
above, have already become differentiated as ovocytes in the protandric 
females (Figs. 2, 3), but most of them furnish spermatogenic cells in 
the few true males that accompany their numerous sisters. 


Protandric Females 


In the early part of the preliminary male phase it appears to be 
impossible to distinguish sharply between the protandric females and 
the true males and in both types some of the cells of the cortical layer 
become differentiated as ovocytes (Plates I and II, Figs. 7-12). In 
the former the proportion of ovocytes is greater and they increase in 
size earlier, while in the true males the ovocytes remain small and the 
spermatogenic cells in the lumens proliferate rapidly. As spermato- 
genesis continues and the number of spermatozoa increases, additional 
ovocytes grow in size and begin the deposition of yolk (Fig. 2). With 
the completion of spermatogenesis the ovocytes are usually about half 
grown (Plate I, Fig. 9) and after the discharge of the spermatozoa the 
animal has all the characteristics of a female. Not infrequently some 
spermatozoa are retained during the early female phase (Fig. 3), and 
it is not improbable that such may be present when the first ova are 
released into the mantle cavity. Self-fertilization might then be possible, 
although normally the eggs are fertilized by sperm from other indi- 
viduals. The fertilized eggs, as already stated, are retained in the gill 
chambers until the larval stage is well advanced. 

The male phase may be passed so quickly that larvae metamorphosing 
in June have reached the female phase and produced a new brood of 
larvee by the middle of August. In this brief period of eight to nine 
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weeks the body may attain a length of 80 mm. or more and a diameter 
of 7 mm. under favorable conditions. 

In young animals which complete the initial male phase in the 
autumn the female phase will be developed during the winter and 
retained the following summer. It is thought that few if any individuals 
survive two winters after sexual maturity and there is no evidence that 
a second sex reversal may ever occur after spawning has been com- 
pleted at the end of the first breeding season. 

There is often a fairly close correlation between the stage of sper- 
matogenesis in the protandric females and the growth of ovocytes in 
the cortical layer of cells. In young animals during the summer at 
least a few spermatozoa may be formed before the deposition of yolk 
commences in most of the ovocytes. But if the gonad develops in the 
late autumn spermatogenesis is inhibited and the ovocytes continue their 
growth during the winter and early spring. The large ovocytes then 
form a complete cortical layer, pushing the spermatogenic cells into the 
lumens of the follicles (Fig. 5; Plate I, Fig. 7; Plate II, Fig. 10). 

In these females there is always more or less degeneration among 
the spermatogonia, apparently due to the absorption of all the available 
nutritive materials by the rapidly growing ovocytes. In some cases the 
entire mass of spermatogenic cells seems to degenerate, so that the 
preliminary male phase may be abortive, and it is not improbable that 
an occasional individual may function as a female at its first reproduc- 
tive period. The conditions in such cases are somewhat similar to those 
described for the American oyster, where an abortive male phase pre- 
cedes the functional female phase in all individuals which spawn as 
females in their first breeding season (Coe, 1932b). 


True Males 


In the second type of gonad the preliminary male phase is of longer 
duration and the crop of spermatozoa is much larger. In these indi- 
viduals most of the residual cells appear to be potentially spermatogonia, 
indicating that the succeeding sexual phase will likewise be male. A 
few small ovocytes are invariably present, however, (Plate I, Fig. 8) 
and it is not improbable that a later sex reversal may sometimes occur. 

Serial sections of the gonads of a group of functional males show 
that all phases of bisexuality occur. ‘These lead in a graded series from 
true males to weakly feminine and strongly feminine hermaphroditic 
male and protandric female phases. A single collection which was 
made early in the breeding season (June 24-28) at Woods Hole will 
serve as an example. Of the 116 individuals taken from piles, 46 were 
found to be in the functional male phases, 47 were ripe females, and 
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23 were females bearing embryos. The sex ratio was thus 66 func- 
tional males to 100 females. Sections were made of the gonads of 
36 of the 46 males; 7 were obviously hermaphrodites, containing ripe 
sperm and nearly mature ova; 17 were strongly feminine hermaphroditic 
males, with half-grown ovocytes; 4 males had smaller and fewer ovo- 
cytes (weakly feminine) ; while only 8, or about 26 per cent of the 
animals with ripe sperm could be classed as true males. Most of the 
others’ presumably represent transition stages in the development of 
the definitive female phase of sexuality. Another collection contained 
13 true males, or 30 per cent of the 43 functional males of which the 
gonads were sectioned. Both were in agreement as indicating a ratio 
of 10 to 11 true males to 100 functional females in the early part of 
the breeding season. 

Since most or all of the hermaphroditic males would have reached 
the female phase by midsummer, the population, if no new young had 
been added and there had been no differential mortality, would pre- 
sumably have shown at that time only 8.6* males to 100 females, a 
proportion close to that which Quatrefages reported for T. norvegica 
in 1849. The proportion would obviously be changed by later reversals 
in either direction of the sex tendency indicated by the gonads at the 
time of examination. 

The true males develop more slowly than the other sexual types and 
consequently their sperm are available for the fertilization of the first 
crop of ova produced by their more rapidly maturing protandric sisters. 


Hermaphroditic Males 


In addition to the obviously protandric females and the so-called 
true males many young individuals are found, both in the summer 
broods and in the overwintering young adults, which appear to be of 
an intermediate sexual nature. These are characterized by having only 
a few ovocytes in the cortical layer (Fig. 6; Plate IJ, Fig. 12). Such 
hermaphrodites may produce a small number of ripe ova immediately 
after spermatogenesis has been completed. They form a graded series 
in which the expression of the initial male phase has been less definite 
or the transition from male to female phase less precise than usual. 

Under favorable conditions shipworms grow with great rapidity 
during the warmer portion of the year and the wood may be completely 
riddled by the borers before any of them have attained the female phase. 
Heavy infestation and crowded conditions may cause not only dwarfed 
individuals but not infrequently the early death of all. 


1 Actual numbers found August 18-21, 1933, were 18 males to 202 females—a 
surprisingly close approximation to the predicted ratio. 
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CHANGE IN SEx Ratios DuRING THE BREEDING SEASON 


Because of the protandric nature of the teredo there will obviously 
be a progressive change in the sex ratios of the population from male- 
ness to femaleness as the breeding season advances. In a population 
of overwintering young adults the vast majority will be found to be in 
the initial male phase in late winter and early spring, while the propor- 
tions of the two sexes will be reversed after the male phase has been 
completed and the spawning period is well advanced. 

An examination of the teredos in boards taken from a framework 
in the Eel Pond at Woods Hole May 19, 1933, showed 138 individuals 
in which active spermatogenesis was in progress and 30 which were 
classed as females because of the presence of ripe ova or of embryos 
in the gill chambers. Hence the ratio of functional males to females 
at this time was 460 males to 100 females (Table I). Other boards 


TABLE I-- 


Change in Sex Ratio during Breeding Season 


Date Male phase Female Total Hatioy Male 
IMME IG) IE ee nd mcr eneicealpei ees 138 30 168 460 : 100 
[UBS SNS Bee eh onshore Gear siete 53 121 174 44 : 100 
Warne Okie, Sees 5 ace eeleica ees 15 31* 46 48 : 100 
‘JfWHGVEP SU Ch ere tile earteareyents cence a 23 42 65 55 : 100 
June 24-267... sc. ce. neces: 46 70 116 66 : 100 


* Most of the large females had died during the preceding week. 
{ From a different source. 


from the same source examined when the first larvee were ready for 
liberation (June 7-13) yielded 53 individuals in the male phase and 
121 which contained ripe ova or had larve in the gill chambers. The 
sex ratio has now changed from 460 males to 44 males for each hundred 
females. 

Histological study of the gonads of over two hundred individuals 
is in full accord with the observations on the living animals. Most of 
the functional males actually represent the male phase of protandric 
females as is proved from their gonads when cut in serial sections. 
Sections of 26 of the 138 individuals determined as functional males 
from a microscopic examination on May 19 showed that 21 of these 
were undoubtedly protandric females and only 5 were true males 


(Table IT). 
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TABLE II 


Sexual Phases Preceding First Ovulation 


Mal 
Date Male phase (erocundric Total Male| Female Total 
Female) 
Maire Oe ete hi meaehevsds 4 18 Mp 0 22 
PANO UWA a esrrsyn Meher agi ote 3 9 12 0 12 
INANE a aap h oct RS 1 11 12 0 12 
Ste Oiot «1 Ak uenhon ona 2 3 5 2 7 
CDi! SAO ARUN, UB A a he 2 3 5 4 9 
Nita ail Oe ie ameter 5 21 26 20 46 
SeptsOtuakant seis 41 (immature) 12 53 1 54 


* Selected samples from a different source. 
{ Estimated age about five to six weeks after metamorphosis. 


Since the transition stages from the male to the female phase form 
a graded series, it is obviously impossible to separate accurately the 
two sex groups. This is made even more difficult by the fact that a 
few spermatozoa may remain in the gonads in the early female phase 
long after spermatogenesis has ceased in most of the follicles, as well 
as by the presence of spermatozoa from other individuals which tend 
to accumulate in the mantle cavities of ripe females. As an arbitrary 
rule the animal has been classed as a male if any considerable number 
of spermatozoa remain in the gonads, even if there are fully grown 
ova also. The difference of a single day may thus change the classi- 
fication of certain individuals. 

Later in the breeding season (June 20), after the first crops of 
larve had been liberated, some animals could still be obtained from the 
same source but most of the large females in the original population had 
died in the meantime. In spite of this selective death rate, other indi- 
viduals had reached the female phase to make the ratio of 48 males to 
100 females. Instead of more than four functional males to each 
female, as was the case at the beginning of the breeding season, there 
was now less than one male to two females. Material from another 
locality was in close agreement (Table 1). Grave (1928) found a 
ratio of 42.5 males to 100 females in July and early August. 

On August 20, 1933, a collection of 220 of the largest, and evidently 
oldest, individuals from boards placed in the water June 10 contained 
18 males, 63 transition females, 82 ripe females, and 57 females bear- 
ing larve. The sex ratio was therefore 9 males to 100 females. But 
‘from a lot of more than 500 smaller, and presumably younger, indi- 
viduals all except about 2 per cent were functional males. About 38 
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per cent had reached the early transition stage. The 2 per cent were 
dwarfed females of the older age group. 

A similar population at Woods Hole living in thin pieces of lath 
and consequently dwarfed in size showed a parallel condition. Previous 
to the breeding season (March 29), a study of the gonads of 22 of these 
indicated the bisexual nature of each individual, although there was a 
great range in the relative size and proportion of the cells characteristic 
of the two sexes (Plates I and II, Figs. 7, 8, 10-12). 

Although spermatogenesis had not yet advanced further than the 
formation of spermatocytes, some of the gonads were distinctly of the 
female type, with a cortical layer of large ovocytes in each follicle and 
relatively few of the small cells, which later prove to be spermatogonia, 
in the lumens. Others were predominantly male in appearance, con- 
sisting of masses of spermatogonia with only a few differentiated ovo- 
cytes in the cortical layer (Fig. 5). Still more numerous were the 
intermediate phases which were typically bisexual and could not be 
classed as predominantly of either sex (Fig. 6), although they were 
potentially protandric females. 

Table II shows the change in proportion of the sexual phases during 
the two following months as determined from serial sections of the 
gonads. All were young animals of the previous year and hatched too 
late to complete the initial male phase before winter. No functional 
females appeared before the middle of May, when spermatogenesis 
was completed in a few individuals. The proportion of females in- 
creased thereafter. Although the numbers are small, the data agree 
with other observations which indicate a regular increase in the propor- 
tion of adult individuals in the female phase as the season advances. 

A piece of wood infested in early summer and examined in the 
winter or early spring will reveal an entirely different ratio of sexes. 
Many of the animals in such wood will have completed the initial male 
phase late in the preceding summer and will consequently appear as 
females during the winter. Usually, however, a larger number of 
smaller and younger males will be found in the same block. Such 
represent later settlers which have not yet completed the protandric 
phase. A very few large males, representing the true males of the older 
age group, may also be present. 

It probably happens not infrequently that the young males in one 
timber furnish the spermatozoa which fertilize the ova of the older 
females in other timbers in the vicinity. The sperm taken in by the 
female evidently may be retained for some time in the mantle cavity, 
for in not a few cases swarms of spermatozoa were found in the mantle 
cavities of fully ripe females. It is conceivable that secretions, includ- 
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ing carbon dioxide, within the female’s body may retard the movements 
of the spermatozoa until they are stimulated to more vigorous action 
by secretions from the ova as the latter come in contact with the sea 
water in the mantle cavity and their germinal vesicles break down. 
The eggs are fertilized almost immediately after reaching the mantle 
cavity. The oviduct is so widely open that water from the mantle 
cavity may reach the terminal chambers of the ovary and cause the 
formation of polar spindles in some of the ova before they leave the 
oviduct. 

In the middle of summer the proportion of the sexes will be entirely 
different in wood that contains only the overwintered population than 
it is in pieces recently infested. Selection either by age or by size will 
then yield groups which are nearly all of one sexual phase or the other. 
This will account for the great disparity of the sexes noted so often by 
previous investigators. 

In random selection from a general population there will be a great 
excess of males in the early part of the season, due, as stated above, to 
the predominance of young individuals in the initial male phase. The 
proportions will then change gradually to a similar excess of females, 
as soon as spermatogenesis is completed and the sexual phase changes. 
Later there will again be an excess of males as the new crop of young 
becomes sexually mature in July. A less marked influence on the sex 
ratios may possibly result from environmental conditions. 


CONCLUSION 


In comparing the sexual phases of the teredo with those of other 
animals and particularly with other pelecypods, there seems to be a 
closer similarity to those of various species of oysters than to any other 
forms. Protandry is of frequent occurrence in molluscs of widely 
divergent groups but in none of these is there such an enormous ex- 
cess of females in the adult population as is here reported for the 
teredo. 

In the teredo the great majority of individuals experience one 
change of sex. The genetic factors involved in the sex-determining 
mechanism appear to be so adjusted that the internal environment, not 
improbably of hormonal nature, normally stimulates the activity of the 
medullary cells of the follicles during immaturity, leading to the initial 
male phase of sexuality. Thereafter the cortical cells usually become 
activated and the animal functions as a female. The external environ- 
ment may supplement the action of these genetic factors in determining 
the extent to which the male phase is expressed. This may lead to the 
observed graded series of hermaphroditic males. 
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There still remain for consideration the relatively few individuals 
which have been called true males because they retain the initial male 
phase for a much longer time than the others and perhaps throughout 
life. Similar males occur in both larviparous and oviparous oysters, 
as well as in other groups. It seems probable that they may be de- 
pendent upon particular combinations of genetic factors, influenced by 
physiological (metabolic) conditions during the period when the sexual 
phase becomes differentiated. The graded series of sexual forms 
leading from these true males through weakly to strongly feminine 
protandric females supports the well-known quantitative theories of 
sex as formulated by Goldschmidt and later by Castle. But it must be 
emphasized that the series is dependent not only upon the initial sex 
factors but also upon an age factor, since the female phase appears 
only after an initial male phase. 

In the developing gonad there seems to be little, if any, antagonism 
between the germinal cells characteristic of the two sexes, for the ovo- 
cytes continue their growth, though less rapidly, while spermatogenesis 
is in progress. The observed sexual phases and the anomalous sex 
ratios can, perhaps, be best explained by assuming the potential bi- 
sexuality of all individuals, associated with alternating genetic factors 
which bring into activity first one phase of sexuality and then the other. 
In the California oyster the sequence continues year after year (Coe, 
1932a), while in the American oyster, which sometimes lives to the age 
of ten years or more, a facultative change of sex may occur during 
the winter following a season of functional activity in either sexual 
phase (Coe, 19325). In the teredo, however, death usually ensues 
after one full season of female sexuality. 

The individuals of all species of Teredo live in crowded communi- 
ties and the reproductive period extends over so long a season that the 
rapidly maturing young of the early broods may reach the functional 
male phase in time to fertilize the later crops of ova produced by their 
own mothers or by other individuals which have attained the female 
phase in the meantime. Such initial males, together with the very small 
proportion of true males usually present, afford ample provision for 
the fertilization of the half-million or more eggs which may be pro- 
duced by each of the females which constitute the vast majority of the 
fully adult population. The extraordinary disproportion of the sexes 
is thereby compensated. 


SUMMARY 


1. Teredo navalis morset in New Haven Harbor and T. n. novan- 
gliae at Woods Hole are essentially protandric, nearly all females pass- 
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ing through a preliminary functional male phase before reaching the 
definitive phase of sexuality. 

2. The primary gonad is bisexual in nature, having a cortical layer 
of potential ovogonia, with spermatogenic cells filling the lumen of each 
follicle. 

3. The gonads of young individuals in early sexual maturity indi- 
cate three intergrading but more or less well demarcated types of 
functional males: (a) initial males, representing the protandric phase 
of the females; these have a complete cortical layer of ovocytes sur- 
rounding the relatively small amount of spermatogenic tissue in the 
lumens of the follicles; (b) hermaphroditic males; these have relatively 
few large ova scattered among the spermatogonia of the cortical layer ; 
(c) true males; most of the ovocytes in the cortical layer remain small 
or degenerate. 

3a. In the protandric females the cortical cells become differentiated 
into ovocytes and begin the deposition of yolk while spermatogenesis is 
in progress in the lumens. The functional male phase may be reached 
within six weeks after metamorphosis and is of brief duration. A few 
spermatozoa may be retained until the first ovulation, after which the 
animal seems to have exclusively female characteristics. 

3b. In hermaphroditic males the functional male phase is of longer 
duration than in typical protandric females and the number of sperma- 
tozoa produced is much greater. A later transformation to the female 
phase is presumably of usual occurrence, but is not invariable. 

3c. True males form a small proportion of the population. Growth 
continues during a long period of spermatogenesis. After the dis- 
charge of the first crop of spermatozoa most of the residual cells still 
retain their male characteristics and no evidence of a later change of° 
sex has been found, although small ovocytes are usually scattered 
among the cortical cells. 

4. The proportion of individuals in the two functional sexual phases 
changes with the season, there being a great excess of males at the 
beginning of the breeding season due to the protandric nature of the 
young animals in the early period of sexual maturity; there is a cor- 
responding excess of females later in the season, due to the change of 
sexual phase after spermatogenesis in the initial male phase has been 
completed. After the end of July the proportion of males may again 
be greatly in excess if the new crop of young is included. Selection of 
the larger (and older) individuals will then yield mainly females, while 
the smaller (and younger) animals may all be in the male phase. 

5. In the early part of the breeding season the populations from two 
localities each consisted of about 33 per cent functional males and 67 
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per cent mature females. Less than one-third of the functional males 
were classed as true males, the others indicating the potentiality of a 
later change to the female phase. By the middle of August only 9 males 
to 100 females were found in the older age group. 

6. After the assumption of the definitive female phase there is no 
evidence of a second sex reversal. 
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IANS INC, TWIRUAIN SIP LAIN] TA ONY 
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INTRODUCTION 2 


The writer (1931) has previously pictured and described the normal 
histological developments of dermal plice structures as they occur 
during the metamorphosis of Rana pipiens larve. Reciprocal, auto- 
plastic transplantations were also made between potential lateral and 
dorso-lateral dermal plice integument and integument of the back and 
belly. During involution it was observed that the back and belly integu- 
mentary transplants never developed dermal plice structure, although 
directly adjacent to normally developing dermal plice. The potential 
dermal plicze integument, previously transplanted to the back or belly, 
however, always underwent a normal development resulting in fully- 
formed dermal plicz by the close of larval involution. It was concluded, 
therefore, that certain areas of integument become specific for dermal 
plicee development before the onset of larval involution, and that such 
development is the result solely of influences present in the blood-stream 
during metamorphosis. Apparently, the location of the potential dermal 
plice integument in no way influences its later histological developments. 

As a result of the above described work, several interesting problems 
presented themselves which may be briefly stated in the following ques- 
tions: 

1. Is dermal plicze development possible following heteroplastic trans- 
plantation ? 

2. Is the stimulus for dermal plicee development still present follow- 
ing involution of the larva? 

3. Can mature dermal plice integument maintain its histological 
structure when transplanted to a non-metamorphosing host or is its 
stability dependent on influences present only in the metamorphosing 
or fully-metamorphosed animal? 

1 Since no extended discussion concerning the various problems relating to 
amphibian dermal plice and integumentary glands is intended in the present 


paper, the reader is referred to the bibliographies of Dawson (1920), Helff 
(1931), and Weiss (1908), (1915). 
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The present paper concerns the results of transplantation experi- 
ments made in an attempt to answer the above questions. The following 
series of transplantations were made: 

1. Reciprocal, heteroplastic transplantation of potential dermal plice 
integument between R. catesbeiana and R. palustris larve. 

2. Reciprocal, heteroplastic transplantation of potential dermal plice 
integument between FR. catesbeiana and R. clamitans larve. 

3. Reciprocal, heteroplastic transplantation of potential dermal plicz 
integument between FR. palustris and R. clamitans larve. 

4, Homoplastic transplantation of potential dermal plicze integument of 
R. palustris larve to newly metamorphosed R. palustris frogs. 

5. Heteroplastic transplantation of potential dermal plice integument of 

R. catesbeiana larve to newly-metamorphosed R. palustris frogs. 

6. Homoplastic transplantation of differentiated dermal plice from 
newly-metamorphosed R. palustris frogs to R. palustris larve. 

7. Heteroplastic transplantation of differentiated dermal plice from 
newly-metamorphosed FR. palustris frogs to R. catesbeiana larve. 


RESULTS 
Heteroplastic Transplantation of Potential Dermal Plice Integument 


Three species of anuran larve were selected for the heteroplastic 
transplantation work, namely: R. catesbeiana, R. clamitans, and R. 
palustris. They were collected in the vicinity of Lake Winnisquam, 
New Hampshire, during the summer of 1932 in large numbers, making 
selection of various larval stages quite feasible. The R. palustris larve 
varied in length from 67 to 80 mm., with hind-limbs 5 to 35 mm. long; 
the FR. clamitans larve being from 64 to 83 mm. in length, with hind- 
limbs 7 to 30 mm. long; while the R. catesbeiana larve were large, sec- 
ond-year forms 112 to 116 mm. long, with hind-limbs 9 to 15 mm. in 
length. In no case were larve used, however, in which histological 
signs of dermal plicz structures had developed. 

The technique of transplantation employed was similar to that as 
previously described by the writer (1931). This may be briefly stated 
as follows: Following chloretonization of the larve, a rectangular piece 
of integument was removed from the potential dorso-lateral dermal 
plicee region of one individual and transplanted, heteroplastically, to 
the same region of another. Upon recovery from the anesthetic, the 
larve were isolated in individual aquaria and observations of the grafts 
made during the subsequent metamorphosis of the host animals. In 
the case of R. catesbeiana larve, it was necessary to feed desiccated 
thyroid in order to induce complete involution. The FR. clamutans and 
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R. palustris larve, however, usually underwent normal transformation. 
Following metamorphosis of the host animals, the transplants were 
removed for histological identification and examination of dermal 
plicee structures. 

Twenty-eight cases of complete metamorphosis were obtained using 
R. palustris larve to which R. catesbeiana integument had previously 
been transplanted. The time required for the attainment of complete 
larval involution (the time the transplants remained on the hosts) varied 
between 27 and 53 days. The dermal plice of the host animals devel- 
oped normally and were well formed by the time complete involution 
of the latter occurred. The transplanted R. catesbeiana grafts, how- 
ever, underwent a definite sequence of changes. The transplants healed 
readily and appeared quite normal for several days following grafting. 
Following this period, a general darkening of the grafts became pro- 
gressively more evident; the transplants being quite black by the time 
complete involution of the host was obtained. A marked reduction in 
surface area of the transplants (from 30 to 50 per cent) also took place. 
In many cases definite erosion of the epithelium was also noticed. In 
the majority of cases there were no external signs of dermal plice 
formation, although in a few there were evidences of a faint light- 
colored stripe typical of early plicee formation. 

The histological examination consisted of serial sectioning of trans- 
plants together with a small amount of the adjacent dermal plice 
integument of the host. The skin of the host invariably showed normal, 
well-developed dermal plice structures. As for the transplants, no 
thickening of integumentary layers was ever observed. There was, 
however, definite evidence in several cases of a slight development of 
the mucous glands (see Fig. 1), characteristic of early dermal plice 
formation. That considerable degeneration of the transplants had taken 


EXPLANATION OF PLATE I 


Fics. 1 to 3. BV, blood vessel; C, stratum compactum; CT, subcutaneous 
connective tissue; D, duct of mucous gland; E, epidermis; L, lymphocytes; M, 
mucous gland; P, poison gland; S, stratum spongiosum; X, junction of transplant 
and host integuments, transplant to the left of X, host integument to the right. 

Fic. 1. Histological section through R. catesbeiana integument on R. palus- 
tris, showing slight development of mucous glands and generalized histolysis. 

Fic. 2. Histological section through R. catesbeiana integument on R. clami- 
tans and adjacent integument of the latter. Note glandular development in host 
skin and absence of same coupled with pronounced histolysis in the transplant 
integument. 

Fic. 3. Histological section through R. palustris dermal plice three weeks 
following transplantation to non-metamorphosing R. palustris larva. Note normal 
appearance of glandular structures and integumentary layers. 
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place was evident by the large number of lymphocytes present in the 
subcutaneous connective tissue and the invasion of the stratum com- 
pactum by these cells. 

The reciprocal transplantation of R. palustris integument to R. 
catesbeiana larve gave quite similar results. Twenty-four cases of 
complete host metamorphosis were obtained, the normal dermal plice 
of which were always well developed. The R. palustris transplants 
underwent progressive darkening and reduction in surface area, while 
no external signs of dermal plicze formation were ever observed. His- 
tological examination likewise failed to show even slight signs of glandu- 
lar development or the formation of other dermal plice structures. 
Evidences of tissue histolysis and lymphocytic action were not as 
pronounced, however, as had been observed for the R. catesbeiana 
transplants. 

Twenty-three cases of complete metamorphosis were obtained of 
R. clamitans larve to which R. catesbeiana potential dermal plicz in- 
tegument had previously been transplanted. The normal dermal plice 
of the host animals were undergoing development at the close of the 
involution period, although no external signs of such development were 
present in the transplants; which at this time had been on the involuting 
larve from 23 to 31 days. The latter also became quite black in 
coloration and reduced in surface area from 40 to 60 per cent. Histo- 
logical examination gave evidence of early plice formation in the 
adjacent host skin, but none for the transplanted integument. Very 
pronounced signs of histolysis were present in the latter, resulting in 
complete disintegration, in many cases, of the stratum compactum layer 
and the associated infiltration of phagocytic lymphocytes (see Fig. 2). 

Series of transplantations were also made of FR. clamitans potential 
dermal plicee integument to R. catesbeiana and R. palustris larve and 
of R. palustris integument to R. clamitans larve. Whether or not 
dermal plicee development is possible following these heteroplastic in- 
tegumentary transplantations was not determined, due to the fact that 
the host animals invariably died before metamorphosis had progressed 
far enough for the dermal plicz of the latter to begin their development. 
The cause of death was not determined, although the inference might 
be drawn that the integumentary grafts exercised a toxic effect on the 
host animals. In all series, however, it was observed that considerable 
reduction in surface area of the transplants had taken place prior to the 
death of the host animals. 
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Transplantation of Potential Dermal Plice Integument to Newly-meta- 
morphosed Animals 


The formation of normal dermal plice structures proceeds steadily 
during the metamorphosis of the larva, resulting in distinct glandular 
and cellular developments by the time larval involution is completed. 
Following metamorphosis, however, there is a continued growth and 
development of the various dermal plice components accompanying the 
growth of the young frog. Whether these later developments are the 
result of influences still present in the metamorphosed animal; or whether 
the developments are simply the end results of earlier larval stimuli is 
an interesting point in question. Transplantation of potential dermal 
plicee integument from the larva to the young frog should serve to 
answer these questions, since development of dermal plice structures 
under such conditions would indicate a continued influence on the part 
of the host, while failure of such development would serve to justify 
the reverse conclusion. The results of such transplantations are de- 
scribed below. 

Thirty-six transplantations were made from FR. palustris larve to 
newly-metamorphosed FR. palustris frogs. The larve varied in length 
from 60 to 78 mm., with hind limbs 1 to 19 mm. long, while the young 
frogs were normal in all respects except for the persistence of small 
tail stumps 2 to 15 mm. in length. In making the transplantations, 
rectangular areas of integument from the dorso-lateral dermal plice 
regions were first removed from the young frogs and the potential 
dermal plicee skin from the larve was then transplanted to these wound 
areas. The young frogs lived from 20 to 27 days following such trans- 
plantations, at which time the grafts were removed for fixation and 
subsequent histological examination. 

In the preponderence of cases, a definite thinning of the transplants 
occurred, which was subsequently shown to be due to a progressive 
cellular histolysis of the various integumentary layers. In several cases, 
resorption of the grafts was so pronounced that large central areas were 
entirely eroded away. In such cases the histolytic processes were so 
intense as to affect the structure of the adjacent dermal plice of the 
host animal (see Fig. 5). Several cases of the latter condition were 
observed in which mucous and poison glands had undergone nearly 
complete degeneration, while the various integumentary layers, with 
the exception of the epidermis, were markedly affected. Three cases 
presented relatively little cellular degeneration of the transplanted integ- 
ument. These gave external evidence of the formation of faint white- 
colored stripes, characteristic of early dermal plicee formation. Upon 
sectioning, slight glandular development was evident, which, however, 
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never progressed to the extent of producing thickening of the stratum 
spongiosum, 

Heteroplastic transplantations were also made from FR. catesbeiana 
larve to young FR. palustris frogs. The larve varied in length from 
86 to 116 mm., with hind limbs 2 to 11 mm. in length, while the R. 
palustris frogs were similar to those used for the homoplastic trans- 
plantations. Of the twenty-eight transplantations made, twenty-six of 
the young frogs lived from 18 to 25 days following the operative period, 
while two lived for 37 and 39 days, respectively. 

The R. catesbeiana integumentary grafts invariably assumed a darker - 
coloration as compared with the adjacent host skin. There were also 
definite signs, in many, of epidermal erosion. In the majority of cases 
there were no external signs of dermal plice formation, although slight 
evidences of glandular development were usually seen upon sectioning. 
In several individuals (including the two cases living for 37 and 39 
days following the transplantation period) definite ridges were formed. 
These ridges were quite characteristic of early dermal plicee formation, 
although whitening of the ridge did not occur. Sectioning revealed 
pronounced development of mucous and poison glands with considerable 
hypertrophy of the stratum spongiosum (see Fig. 4). Even in these 
cases, however, considerable evidence of tissue histolysis was evident. 


Transplantation of Well-developed Dermal Plice to Non- 
metamorphosing Larve 


The stability of well-formed dermal plicz structures, and their pos- 
sible ability to continue growth when removed from influences of the 
metamorphosed animal, was determined by transplantation of dermal 
plice from newly-metamorphosed frogs to non-metamorphosing larve. 
Should such transplants maintain normal plice structures, the inference 
could be drawn that their stability is not dependent on influences prev- 


EXPLANATION OF PLATE II 


Fics. 4 to 6. BV, blood vessel; C, stratum compactum; CT, subcutaneous 
connective tissue; D, duct of mucous gland; DG, degenerating poison gland; E, 
epidermis; L, lymphocytes; M, mucous gland; P, poison gland; S, stratum spon- 
giosum; X, junction of transplant and host integuments, transplant to the left of 
X, host integument to the right. 

Fic. 4. Histological section through R. catesbeiana integument on young R. 
palustris frog 37 days following transplantation. Note development of mucous 
and poison glands and dissociation of upper layers of stratum compactum. 

Fic. 5. Histological section through R. palustris integument on young R. 
palustris frog 25 days following transplantation. Note pronounced histolysis of 
transplant and histolytic effect on adjacent integument of the host. 

Fic. 6. Histological section through R. palustris dermal. plicee three weeks 
following transplantation to non-metamorphosing FR. catesbeiana larve. Note ab- 
sence of glandular structures and infiltration of large lymphocytes. 
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alent in the young frog. Should regression of structures occur, the 
reverse conclusion could be proposed. The results of such transplan- 
tations are described below. 

Sixteen transplantations were made of dorso-lateral dermal plice 
integument from newly-metamorphosed R. palustris frogs to R. palus- 
tris larve. The young frogs were completely metamorphosed with the 
exception of small tail stumps 5 to 11 mm. in length. The dermal 
plicee of such individuals was well developed and appeared externally 
as a white, definitely ridged structure. Histologically, the plicee were 
characterized by well-formed mucous and exceptionally large poison 
glands. The host larvee were selected on the basis of small hind-limb 
growth, representing a stage of development in which metamorphosis 
would not begin for at least five or six weeks. The hind limbs of such 
individuals varied from 2 to 6 mm. in length, while the total length 
varied between 61 and 69 mm. 

In general, the transplants underwent a gradual change in colora- 
tion from their original greenish hue to the almost black shade of the 
host integument. There was no evidence of a reduction in surface 
area, while the dermal plice underwent no external diminution either 
as regards size or visibility. Twenty-one days following transplanta- 
tion, the fourteen larve that had survived were killed and the trans- 
plants removed for sectioning and subsequent study. Histological ex- 
amination gave evidence that no reduction of dermal plice glands or 
integumentary layers had occurred. The histological appearance was 
practically the same as when transplanted (see Fig. 3). It should be 
noted here, however, that development of dermal plice structures never 
progressed beyond the stage already attained when previously removed 
for transplantation. Normally, on the newly-metamorphosed frog, a 
definite enlargement of dermal plice structures takes place within a 
three-weeks interval following larval involution. 

A second series of transplantations involved the grafting of similar 
dermal plicee integument from newly-metamorphosed R. palustris frogs 
onto non-metamorphosing R. catesbeiana larve. The donors in this 
case were in the same stage of development as described for the homo- 
plastic transplantations, while the R. catesbeiana larve were second- 
year forms from 91 to 116 mm. in total length with hind limb buds 2 
to 11 mm. in length. Such larve were not destined to metamorphose 
until the following summer. 

Twenty transplantations were made in all. Fourteen of the host 
animals survived for three weeks, at which time the transplants were 
removed for sectioning. During the three-weeks interval on the host 
larve, the grafts underwent practically no reduction in area, although 


AMPHIBIAN METAMORPHOSIS 313 


a generalized darkening occurred until the coloration matched that of 
the adjacent larval integument. A very definite external diminution 
in the appearance of the dermal plice stripe took place, however, re- 
sulting in several cases in the complete disappearance of all macro- 
scopic signs of the latter. Where the dermal plice stripe was still 
visible, it was usually much darker in coloration as compared with its 
original appearance. Histological examination of sections showed that 
a progressive histolysis of glandular structures, in particular, had taken 
place. Where the stripe was still visible, externally, the glands were 
found to be much reduced in size and undergoing degeneration. Where 
no external signs were apparent, usually all vestiges of glandular for- 
mations had disappeared (see Fig. 6). The lymphocytes were particu- 
larly abundant in such cases, while remnants of histolyzed structures 
could frequently be detected as far down as the subcutaneous connec- 
tive tissue. 


DISCUSSION 


The results of heteroplastic transplantations between larve indicate 
that while the grafts appear to heal and remain healthy for a time, 
cellular histolysis always occurs during the involution of the host ani- 
mal. In this respect R. catesbeiana integument would appear to be less 
resistant than R. palustris integument, following reciprocal transplan- 
tation. Again, R. catesbeiana integument proved to be much less re- 
sistant to histolysis when transplanted to R. clamitans than when grafted 
to R. palustris. Obviously, the histolysis of heteroplastic integumen- 
tary transplants must be concerned with species specificity. 

In general, it may be said that the failure of dermal plicee to develop 
following such heteroplastic transplantations, was correlated with and 
probably due to inhibiting influences set up by the histolytic reactions. 
In this respect it should be noted that glandular development occurred 
only in cases where relatively little histolysis ensued, 7.¢., in several 
transplantations of R. catesbeiana integument to R. palustris larve. It 
is interesting to note here, also, that due to the more rapid involution 
of R. palustris larvee as compared with R. catesbeiana and R. clamitans 
larve, the dermal plice of the former species normally develop at a 
faster rate. This in turn would seem to indicate that the influences 
which stimulate dermal plice formation in R. palustris are more intense 
than is true of those present in the other two species. ‘This difference, 
if true, may account for the development of glandular elements in R. 
catesbeiana integument transplanted to R. palustris. The results in 
general, however, indicate that dermal plice development is possible 
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following heteroplastic transplantation, providing the integumentary 
transplants do not undergo pronounced cellular histolysis. 

The results of integumentary transplants made to young R. palustris 
frogs show quite conclusively that dermal plicee development is pos- 
sible in such cases. The fact that such development was more pro- 
nounced in FR. catesbeiana integument than in R. palustris integument 
transplanted to R. palustris frogs calls for interpretation since one 
would expect the reverse to be the case. If we assume, however, as 
seems quite likely, that R. catesberana dermal plicee are normally sub- 
jected to a less intense developmental stimulus as compared with the 
normal dermal plice of R. palustris, then development of the former 
should be more easily elicited as compared with that of the latter when 
under the more intense stimulating influence of R. palustris. Whether 
or not the developmental differences, as recorded, can be explained in 
this manner, the results in general indicate that post-involution growth 
and differentiation of dermal plice structures is due to a continued de- 
velopmental influence on the part of the growing frog. 

Transplantation of well-formed dermal plicae to non-metamorphosing 
larvee gave evidence of the stability of glandular and integumentary 
layers during the period of the experiment (21 days). This was true, 
however, only for the homoplastic transplantations. The pronounced, 
and in some cases total, degeneration of dermal plice structures fol- 
lowing heteroplastic transplantation was due, no doubt, to the general 
histolysis of the transplants which occurred. It must be admitted, 
however, that in some cases the degree of general histolysis did not 
justify the pronounced dermal plicee degeneration observed. One 
striking fact regarding the homoplastic transplantations was that no 
further growth or development of dermal plice structures had taken 
place during the three weeks interval on the larva, while the normal 
dermal plicee of the donors had undergone considerable enlargement 
during the same time interval. These results, therefore, again empha- 
size the conclusion that dermal plicze of the metamorphosed animal re- 
quire and continue to respond to developmental influences present in 
the growing frog. 

The various developments and regressions of dermal plice struc- 
tures as described in the present paper are provocative of interesting 
possibilities concerning the persistence of potentialities for dermal plice 
formation. Since total regression is possible following heteroplastic 
transplantation, it would be interesting to see whether such transplants 
could again develop dermal plicz structures in a suitable environment. 
Since the writer (1928) has previously shown that any integument 
placed over the annular tympanic cartilage will develop into tympanic 
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membrane during larval involution, it would be of interest to determine 
whether integument having first undergone complete dermal plice re- 
gression could secondarily develop into tympanic membrane upon suit- 
able transplantation. The above and related questions are at present 
under investigation by the writer. 


SUMMARY AND CONCLUSIONS 


Heteroplastic transplantation of potential dermal plice integument 
was made between larve of three species to ascertain possible develop- 
ment of dermal plice structure during host metamorphosis. Results 
were as follows: 

R. catesbeiana to R. palustris—slight development. 

R. catesbeiana to R. clamitans—no development; grafts underwent 
considerable resorption. 

R. palustris to R. catesbeiana—no development ; slight resorption of 
grafts. 

Homoplastic and heteroplastic transplantations of potential dermal 
plice integument were made between larve and newly-metamorphosed 
adults to determine whether the stimulus for dermal plice development 
is retained following involution. Results were as follows: 

R. palustris to R. palustris—pronounced resorption of grafts in 
most cases; slight development in several cases where little resorption 
occurred. 

R. catesbeiana to R. palustris—in general, pronounced development, 
especially of mucous and poison glands. 

Homoplastic and heteroplastic transplantations of well-developed 
dermal plice integument were made from newly-metamorphosed frogs 
to non-metamorphosing larve to determine the stability of dermal plicz 
structure or its possible regression. Abbreviated results were as fol- 
lows: 

R. palustris to R. palustris—no regression; typical structure main- 
tained. 

R. palustris to R. catesbetana—very definite regression; no histo- 
logical characteristics remaining in several cases. 

In general, it may be concluded that development is possible follow- 
ing heteroplastic transplantation providing pronounced integumentary 
histolysis does not occur. Post-involution growth and differentiation 
of dermal plice structures is due to continued developmental influences 
present in the growing frog. R. palustris dermal plice resist regres- 
sion following homoplastic transplantation but are susceptible to re- 
gression following heteroplastic transplantation to non-involuting larve. 
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ORS Vy ONS ON iE PENETRATION OF DAYLIGHT 
INTO MID-ATLANTIC AND COASTAL WATERS 


GEORGE L. CLARKE 


(From the Woods Hole Oceanographic Institution,1 Woods Hole, Massachusetts; 
and the Laboratory of General Physiology, Harvard University, 
Cambridge, Massachusetts) 


Although considerable information on the penetration of daylight 
into the sea has been obtained from measurements made by Shelford 
and Gail (1922), Shelford (1929), Poole and Atkins (1929), Atkins 


(1932), and Atkins and Poole (1933), it was desired to extend this 


type of investigation to other regions and to study in further detail the 
effect of varying conditions upon submarine irradiation.* It was hoped 
to make observations in the open ocean, where the photo-electric method 
had never before been employed, and to compare the intensity of irra- 
diation found there with that existing in coastal regions. As far as 
possible it was desired to learn to what extent the degree of light 
penetration is modified by changes in latitude, in time of day, and in 
condition of the sea surface. This information is of particular 1m- 
portance in relation to the theories for the vertical distribution of 
plankton (cf. Russell, 1927; 1931). We therefore proposed to meas- 
ure the intensity of submarine irradiation at the same time that plank- 
ton hauls were being made. The application of our results to the 
theory of the effect of light on the diurnal migration of plankton 1s 
considered in a separate paper (Clarke, 1933). . 

The observations presented in this paper were made from the “ At- 
lantis,” the research vessel of the Woods Hole Oceanographic Insti- 
tution. The photometric apparatus was put aboard at Plymouth, Eng- 
land, in July, 1931. Measurements of the penetration of light into 
the sea were made at thirteen stations on the trip across the Atlantic 
during the succeeding six weeks. The work was continued in July 
and August, 1932, when several series of observations were carried 
out in the Gulf of Maine and in Woods Hole Harbor. 


1 Contribution No. 26. 

2 By irradiation is meant the radiant flux density of all wave lengths (cf. 
Sawyer, 1933), as distinct from illlumination which refers to visible wave lengths 
only. The term “radiation” has formerly been used loosely for irradiation. 
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APPARATUS 


The apparatus for the measurement of submarine irradiation as- 
sembled for the ‘“‘ Atlantis’ has been described in detail by Gall and 
Atkins (1931). Each photometer contains a potassium (sensitized 
with hydrogen) photo-electric cell. Two of the cells are of the vacuum 
type; the third is gas-filled. The photo-electric current is measured 
with a potentiometer or neon lamp outfit. Essentially, the method 
consists in measuring alternately the intensity of daylight falling on 
deck and that penetrating to various depths beneath the surface of the 
sea. Values are thus obtained for the submarine irradiation as per- 
centages of the light at the surface. Absolute values of the intensity 
of light are derived by calibration of the instruments against a photo- 
metric standard. 

With the original arrangement of the apparatus considerable trouble 
was caused by the fouling of the lines intended to operate the shutter 
of the submarine photometer and by the horizontal straying of the 
instrument due to the drift of the ship and the great sideward resistance 
of the lines and cables. Some improvement was produced by replacing 
one line by a heavy weight which opened the shutter. However, foul- 
ing and straying were still troublesome in rough weather and whenever 
working at depths greater than 50 meters. Accordingly, the No. 1 
photometer was provided with a new four-conductor insulated cable 
and with an internal shutter which can be opened and closed electrically. 

The circuit for the internal shutter uses two of the conductors of 
the new cable. The other two conductors are used for the photo- 
electric circuit. The new cable was made for the Woods Hole Oceano- 
graphic Institution by the General Electric Company. It is 300 meters 
long, covered with a very tough rubber jacket, and is capable of with- 
standing a strain of 168 kilograms without injury. The original five 
lines running to the photometer from the ship have thus been reduced 
to two, viz., the steel supporting cable and the new four-conductor 
cable. Fouling never occurs even in rough weather, and since the 
diameter of the new cable is only 1.7 cm., the sideward resistance of 
the whole apparatus is greatly reduced. During the work following 
these improvements the supporting cable rarely reached an angle with 
the vertical greater than 20°. 

The original external shutter has been left attached to the photom- 
eter case for protection of the glass window when not in use. Just 
before the photometer is swung over the side, this shutter is tied open. 
The internal device was made from a Packard photographic shutter, 
the aperture of which is 9 cm. in diameter. The rubber bulb, which 
ordinarily operated the shutter, has been removed and a short lever arm 
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attached to the post which, when moved to the left or to the right, 
opens or closes the leaves of the shutter. The lever arm is arranged 
as the armature of an electro-magnet (see Fig. 1). The free end of 
the lever arm, which is attached to the shutter, swings to the left or 
to the right according to whether the left-hand pole or the right-hand 
pole of the magnet is activated. Each pole is wound with 500 feet of 
double silk insulated No: 30 copper wire. One side of each coil is 
grounded to the case (and hence through the sea water and support- 
ing steel cable to the hull of the ship). 

The operation of the shutter is controlled by a double throw switch 
conveniently located in the deck laboratory near the potentiometer. 
The ship’s current is used to activate the coils of the electro-magnet 
(see Fig. 1). Closing the circuit momentarily suffices to open the 
shutter, or to close it. The shutter remains in the position in which 
it is left when the current is cut off. Since the current is allowed to 
flow for only a short interval, the coils may be greatly overloaded, 


110 volts 


Fic. 1. Diagram of the connections of the electrically operated shutter. 

(1) Position of switch to open shutter. 

(2) Position of switch to close shutter. Except for the moments of oper- 
ating the shutter, the switch is left with contacts broken in the vertical position. 

A, ammeter; ar, armature; ci, C2, coils of electromagnet; f, l-ampere fuses; 
p, post attached to leaves of shutter. 


thus increasing the strength of the magnet. Ordinarily 0.4 ampere is 
sufficient to operate the shutter but the current may be increased to one 
ampere if necessary. This method has the additional advantage that 
no current is flowing through the electro-magnets while measurements 
in the photo-electric cell are being made. 
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STANDARDIZATION OF PHOTOMETERS 


Before the “ Atlantis’ sailed from Plymouth, the photometers were 
compared by Dr. W. R. G. Atkins with a vacuum potassium cell which 
had been standardized previously against an open carbon arc lamp (see 
Gall and Atkins, 1931, where the lowest and highest intensities of light 
which can be measured by our apparatus are.stated also). The values 
obtained by him are summarized in Table I. 

Birge and Juday (1932, p. 525) have pointed out that the meter- 
candle is not a suitable unit for the measurement of irradiation under 


TABLE I 


Standardization of photometers. Irradiation necessary to produce photo-electric cur- 
rent of 1 microampere at an anode potential of 60 to 63 volts. 


Carbon are : 
ee ee ees 1000-watt Mazda lamp used Photo-electric 


siadardce as a standard emission 
produced by 
SS | 0 Sooo test lamp 
PINOHOAENEE Hate Bhi Lae (used to check 
Irradiation Irradiation Irradiation for changes 
extending extending within in sensitivity 
over visible | over visible range: at sea) 
range range 3460A°—5260A° 
meter-candles | meter-candles | microwatis/cm.2} 
DECK iste a tore eau meee 370 1610 135 4.4 ua 
No. 1 Sea (1931).......... 870 2080 175 — 
No. 1 Sea (1932).......... — 3760 315 2.1 
IN Ot 2a Sea stoi. nee eats sles 232 ft 750 63 t — 


* Values given by Gall and Atkins (1931). 

+ 1 Microwatt/em.2 = 10 ergs/cm.2/sec. = .0000143 gm. cal./em.2/min. 

t Values obtained immediately after glowing the cell for one second (see Gall and 
Atkins, 1931). 

It will be observed that the ratios of the carbon arc and the Mazda lamp 
standardizations are not the same for the three photometers. Evidently the sensi- 
tivities of the photo-electric cells changed considerably during the year which elapsed 
between the tests. 

The decreased sensitivity of No. 1 as used in 1932 was caused by the greater 
distance between the photo-electric cell and the photometer window. This change 
in position was necessary in order to make room for the new internal shutter. 


water. This unit is misleading when applied to the visible part of the 
solar radiation penetrating beneath the surface because the energy spec- 
trum has become so profoundly modified. Moreover, the radiation 
beyond the limits of the visible should be measured in addition, and 
this cannot properly be expressed in meter-candles. Whatever unit 
is used, the following precaution must be taken in order to obtain a 
correct standardization of the photometer: in evaluating the standard 
source only that region of its spectral emission may be considered which 
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occurs within the spectral range to which the photometer actually used 
is sensitive. Measurements made without this precaution give an 
erroneous idea of the submarine irradiation and the actual values ob- 
tained depend upon the type of source used for standardization. An 
illustration of this is to be found in Table I, where three standardiza- 
tions of our photometers are compared. The values in meter-candles 
based upon the carbon are differ widely from those based upon the 
incandescent lamp. The discrepancy is due to the fact that the whole 
visible radiation of the two standards has been measured and that these 
differ in spectral distribution, particularly in the region to which our 
photometers are most sensitive (see below). 

Submarine irradiation may be properly expressed in cal./em.*/min., 
in ergs/cm.?/sec., or in microwatts/cm.?, provided that the spectral 
range measured is stated. In this paper calibration values are given 
in microwatts/cm.” for the narrow range within which our photometers 
are sensitive. To facilitate comparisons between different investiga- 
tions it is desirable to state the irradiation at any depth in the sea as a © 
percentage of that just over the surface, the measurements being made 
in the same way. The values may then be ascertained readily in terms 
of any unit which was found convenient for the determination of the 
irradiation in air. This method is used in the present paper. The 
transmissive exponent,* k (“absorption coefficient”), can be readily 
derived from the percentage data by applying the usual formula: 


JE 


i = gkL 
where L = thickness of water layer (expressed in meters) in which 
the intensity is reduced from J, to J. Convenient tables for the cal- 
culation involved are provided by Sawyer (1931). 

The spectral sensitivities of our photo-electric cells (without the 
cases, but with the diffusing discs in position) have been determined by 
the U. S. Bureau of Standards. The curves are reproduced in Fig. 2, 
where it will be seen that no significant differences exist. For purposes 
of standardization the range of sensitivity of the photometers was not 
considered to extend to the extreme limits of the curves, for to do so 
would result in the inclusion of a relatively large amount of the standard 
lamp’s radiation in the yellow which would be responsible for a very 
small part of the photo-electric current. The limits of the range of 
sensitivity of the photometers were arbitrarily set at 3460A° and 5260A° 
respectively. This range extends 900A° above and below the point of 

3 Tt is the vertical transmissive exponent that is actually measured. The ques- 


tion of the direction of light rays beneath the surface has been discussed by 
Atkins (1932, p. 184). 
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average maximum sensitivity (4360A°) and includes over 96 per cent 
of the total area of each curve. 

The standardization of each photometer was carried out against a 
1000-watt Mazda “ C” lamp, manufactured, seasoned, and rated by the 
General Electric Company. The data supplied give the irradiation 
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Fic. 2. Comparison of spectral sensitivities of photometers. 


Curve 6: No. 7276—vacuum potassium (sensitized ) cell—deck photometer. 
Curve 5: No. 7275— “ Ne: 1 sea photometer. 
Curve 4: No. 7274—Gas-filled “ o ‘—No. 2 “ “ 


Each curve represents the relative response to an equal energy spectrum of 
the combined photo-electric cell and its diffusing disc of opal glass. For purposes 
of standardization the sensitivities are considered limited to the range between 
A and B, which are 900A° above and below M, the point of average maximum 
sensitivity. 

A= 3460A° 
B=5260A° 
M = 4360A° 
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present in a designated direction at a distance of one meter from the 
lamp (color temp. = 2835° K at 105.0 volts). The irradiation is ex- 
pressed in microwatts/cm.? for each wave length interval of 100A° 
from 3200A° to 10,000A°. From these data the irradiation at the 
photometer window (placed one meter from the lamp) within the 
designated range of spectral sensitivity of the photometers was calculated 
and found to be 126 microwatts/cm.? By dividing this value by the 
photo-electric current produced, expressed in microamperes, the sensi- 
tivity of each photometer was found in terms of the irradiation neces- 
sary to produce a photo-electric current of one microampere. A sum- 
mary of the standardization is given in Table I. 


CHANGES IN EMISSION OF PHOTOMETERS 


Probably the greatest source of error during the measurements was 
the occurrence of changes in the emission of the photometers. It is 
unfortunate that there was no opportunity before the apparatus was 
assembled for testing the photo-electric cells in complete detail, as is 
recommended by Shelford (1930). When the “Atlantis” reached 
the United States and standardization was undertaken, the extent of the 
variability of the photometers was revealed. When the cells are ir- 
radiated in the darkroom by the standard lamp, the current emitted 
diminishes gradually during the course of the exposure.* This is par- 
ticularly true of the gas-filled cell. This change of emission (formerly 
called “ photo-electric fatigue’) takes place chiefly within the first few 
minutes of exposure and rarely exceeds 10 per cent in magnitude (cf. 
Campbell and Ritchie, 1930; and Harrison, 1930). 

Another more serious change in sensitivity was found to occur after 
an exposure of the photometer to intense irradiation (e.g. sunlight) for 
an hour or more. The response to the standard lamp following such 
treatment was greater—sometimes by as much as 30 per cent—than the 
response beforehand. Accordingly, when employed at sea, the deck 
photometer was probably less sensitive in the morning, after a night in 
darkness, than it was in the afternoon, after exposure to the noonday 
sun. Moreover, when either sea photometer had been used under water 
for an hour or more and then replaced on deck beside the deck photom- 
eter, it did not show the same ratio to the other instrument as before. 
It is hoped that in the future a satisfactory method can be devised for 
preventing the photo-electric current from surpassing the limit above 
which constancy is lost without reducing the range of intensities which 
can be measured. 

4 The potential was always applied continuously to the cells for at least ten 


minutes before readings were begun, thus avoiding any “soakage effects” in 
the cable. 
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During the observations of 1931, no method for checking the photo- 
meters existed except by comparing them with each other. However, 
there is no evidence that the error due to changes of emission ever 
exceeded 30 per cent and probably was rarely greater than 15 per cent. 
The deck photometer was almost always used with its diaphragm in 
place (see Gall and Atkins, 1931) so that the photo-electric current was 
never large. Most of the submarine measurements were made with the 
vacuum cell photometer No. 1, which has been found to be more stable 
than the others. The values obtained for submarine irradiation in terms 
of percentages of the light falling upon the surface are considerably 
more accurate than the absolute measurements. Since the deck photom- 
eter and the sea photometer were compared before and after each 
series, corrections for any changes in sensitivity could be made. 

For the work of 1932 a portable test lamp, similar to that employed 
by Poole and Atkins (1928), was constructed. It consists of a seasoned 
50-candle-power auto headlight bulb mounted in a copper shade which 
fits snugly over the photometer window. The photo-electric emission 
produced in each photometer by this test lamp (run at 5.00 volts) is 
carefully observed just after standardization (cf. Table I). Assuming 
that any changes observed to occur in the emission produced by the test 
lamp represent corresponding changes in the sensitivity of the photom- 
eter to daylight, the absolute value of the irradiation measured at sea 
can be calculated. The constancy of the test lamp is vouchsafed by 
checking against the standard lamp from time to time. 


OTHER SOURCES OF ERROR 


As light travels through the water, its nature becomes changed in 
two ways: First, its intensity is reduced; second, its spectral range is 
diminished by the progressive elimination of the longest and the shortest 
rays.© Any photometer with a broad spectral sensitivity would ac- 
cordingly register a reduction in illumination due to a combination of 
these two effects, and the parts played by each would be indistinguish- 
able. This difficulty can be removed to some extent by placing suitable 
light filters over the cells, or by using cells which are sensitive to only 
a narrow range of the spectrum. As will be seen from Fig. 2, the 
present method falls in the latter category. It must be borne in mind, 
however, that nothing can be said as to the distribution of the ir- 
radiation within the range of sensitivity. The error from this source 
is fortunately small due to the relatively narrow and steep shape of the 
sensitivity curve. 


5 For the relative parts played by pure absorption and by scattering, see 
Martin (1922) and Hulburt (1932). 
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A more serious chance of misinterpretation results from the fact that 
observations on the degree of penetration of an individual color do not 
give an accurate measure of the change in total irradiation in the sea. 
Our photometers are sensitive to the group of wave lengths which is 
believed to penetrate the farthest in clear sea water (Grein, 1914; 
Hulburt, 1932; Atkins and Poole, 1933; and Sawyer, 1933). Ac- 
cordingly, the change in total irradiation with depth is greater than is 
indicated by the measurements in the present paper. Ideally, each color 
should be investigated separately, and then the results added together 
to provide quantitatively accurate values for total irradiation. Al- 
though limited regions of the spectrum are chiefly responsible for in- 
fluence upon certain vital functions (e.g. photosynthesis; cf. Klugh, 
1930), the whole spectrum—or a large part of it—is undoubtedly ef- 
fective in many other cases. 

The measurements presented in this paper are subject to a number 
of other possible sources of error, common to all observations of this 
type, the importance of which it is difficult to estimate. A brief enum- 
eration may be made as follows: 

(1) Errors due to the shape and diffusing quality of the receiving 
surface of the photometer, and to the occurrence of “ dark currents” in 
the measuring circuit. This last trouble has been reduced to small pro- 
portions in our apparatus, due to the excellent quality of the insulation 
(Gall and Atkins, 1931). 

(2) Errors due to changes in the cloudiness of the sky, in the 
elevation of the sun, and in the condition of the sea surface. Possibly 
the sea may be sufficiently smooth at times so that the light rays are not 
scattered at the surface to a significant extent, but under other conditions 
diffusion is undoubtedly so great that the surface of the sea is, in effect, 
the source of irradiation. Since the nature and the extent of the action 
of the surface under different conditions is not thoroughly known, and 
since in certain cases the angle of incident light has been found unim- 
portant (Atkins, 1932, p. 184), no correction for the altitude of the 
sun has been attempted in this paper (cf. Birge and Juday, 1930). 
Whatever effects the surface is found to exert, the results will differ 
according to the method of measurement used, and, accordingly, great 

6 In determinations of the spectral absorption of sea water in which parallel 
rays chiefly are measured (cf. Sawyer, 1931) the rays of short wave length, which 
are scattered more than those of long wave length, are prevented by the apparatus 
from re-scattering back to the photometer as they do to some extent in measure- 
ments at sea. The transmission of the longer wave lengths would therefore appear 
relatively greater than under conditions where the scattered light was also meas- 
ured. This fact should be borne in mind when making comparisons with other 


investigations. Suspended matter and stains may modify color selection pro- 
foundly (Shelford, 1929; Birge and Juday, 1931, 1932). 
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caution must be exercised in making comparisons with other investiga- 
tions. In the present undertaking the values obtained for the upper 
water layers were checked in as many cases as possible with the neon 
lamp outfit (cf. Gall and Atkins, 1931). 

(3)Errors due to the shadow of the ship and errors made in the 
estimation of the depth of the photometer. The ship was hove to with 
the stern directed as nearly as possible toward the sun, but in the work of 
1931 it was not practicable to lower all the sails. The expanses of white 
canvas undoubtedly affected the deck cell, and in 1932 all the sails were 
lowered during measurements. The submarine photometer was sus- 
pended over the stern from the flagpole (in 1931) or from the end of 
the mizzen boom (in 1932). The heave of the ship caused a vertical 
movement of the photometer in the water, the amplitude of which was 
always noted (greatest extent, 3 m.), and the average depth recorded for 
each observation. This depth was corrected for horizontal displacement 
by multiplying by the cosine of the angle which the supporting cable 
made with the vertical for each observation. Since the cable probably 
was not straight under water but curved downward to some extent, this 
method of calculating the depth gives a slight over-correction (cf. Poole 
and Atkins, 1926). 

(4) Errors due to the drifting of the ship into regions of water of 
different transparency in cases where horizontal distribution of sus- 
pended matter is irregular, and errors due to vertical changes in trans- 
parency caused by the diurnal migration of plankton. Observations on 
the actual effect of the plankton are discussed below. 

These four possible sources of error are adequately discussed by 
Shelford and Kunz (1929), Shelford (1930), Poole and Atkins (1928, 
1929), and Atkins and Poole (1933). There is no reason to suppose 
that the errors from these causes are any greater in this investigation 
than in those to which reference is made, and it is believed that the 
precautions taken, as outlined above, have actually reduced the mag- 
nitude of certain of the errors. 


OBSERVATIONS 


The observations made while crossing the Atlantic in 1931 are sum- 
marized in Table II. The complete curves for all of the series will be 
found in Figs. 3 and 4. The curves represent the irradiation at each 
depth expressed as a percentage of the light falling upon the surface 
and plotted on a logarithmic scale. The slope of each curve is there- 
fore proportional to the value of its transmissive exponent. In each 
case the ratio of the photometers when the sea photometer was just 
over the surface is taken as 100 per cent. Measurements were ordi- 
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narily made every ten meters. The value for each depth is the aver- 
age of at least three readings. All measurements below the surface 
have been corrected for “external reflection” and “internal reflec- 
tion” by multiplying by the factor 1.09 (cf. Atkins and Poole, 1933, 
p. 135).7 The first point on the graph gives the percentage beneath 
the surface, at a depth (1 to 1.5 meters) just sufficient to prevent the 
photometer from coming out of the water when the ship pitched. The 
value obtained represents the reduction of light due to loss at the actual 


Percentage of Surface Light 
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Fic. 3. Relation between depth and irradiation expressed as a percentage of 
the light just over the surface (logarithmic scale). The series shown (1 to 10) 
were made in a line running south on longitude 30° W. The figure at the end of 
each curve designates the series number of that curve. The broken lines are 
merely to aid in distinguishing individual curves from each other in cases where 
they cross. 


surface and to the absorption by the layer of water above the photo- 
meter. 

The first ten series of observations were made on a line running 
north and south—approximately longitude 30° W. The observations 
were made in order from Series 1, the northernmost (lat. 52° N.), to 
Series 10, the southernmost (lat. 37° N.). It will be seen from Fig. 
3 that the transparency of the water increases as one proceeds toward 

7 The use of this factor has resulted in values of 100 per cent or greater for 


certain of the measurements just beneath the surface. The source of error in 
these cases is not known. 
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the south. The average transmissive exponent is the same for the first 
two series (k=0.10). For Series 3 the, transmissive exponent is 
much reduced (k= 0.061). The value diminishes more gradually 
thereafter, reaching a minimum in Series 9 (k=0.044). The values 
obtained in Series 5, 8, and 10 do not follow the sequence. 


Percentage of Surface Light 
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Fic. 4. Relation between depth and irradiation expressed as a percentage 
of the light just over the surface (logarithmic scale). 


Series 9—near Azore Islands. 
Series 11 and 12—Sargosso Sea. 
Series 13—Gulf of Maine. 

Series 122—Woods Hole Harbor. 


Series 12 and Series 122 represent respectively the most transparent water 
and the least transparent water encountered. The anomaly of the curve for 
Series 12 starting above 100 per cent is discussed in a footnote in the text. 


The sudden reduction in the value of the transmissive exponent 
found between Series 2 and 3 is coincident with the sharp division be- 
tween northern water and southern water as marked by the northern 
branch of the Gulf Stream. Toward the south the surface water is 
warmer and in addition the stratum of warm water extends to a much 
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greater depth (cf. Iselin, 1934). The lesser transparency of the north- 
ern water may be due to a greater amount of suspended matter (sedi- 
ment and plankton) carried here from distant regions, or to a greater 
growth of plankton occurring in this region as a result of more favor- 
able physical and chemical conditions. 

A closer examination of the curves in Fig. 3 reveals that the differ- 
ences in the transparency of the water at these ten stations are greatest 
within the upper 20 meters. In the first place great variation is found 
in the amount of light transmitted through the surface itself. The 
irradiation just under the surface (1 to 1.5 meters) varies from 57 
per cent to 92 per cent. The lower values for the northern series may 
be due in part to the rougher weather experienced at those stations 
(cf. Atkins, 1932, p. 191). In the second place, the transmissive ex- 
ponent of the subsurface water itself varies, for it is seen that the curves 
diverge rapidly from 1 meter to about 20 meters. From here on they 
are more nearly parallel. Since the sea was not smooth at any of these 
stations (except one), the change in altitude of the sun with latitude 
probably would not account for this change in transmissive exponent 
(cf. Atkins, 1932, p. 184). A greater amount of suspended matter in 
the upper 20 m. might account for the decreased transparency in this 
layer at the northern stations. 

The curves for Series 11 and 12, made at stations 10° and 20° 
further to the west, are shown in Fig. 4. To facilitate comparisons 
with Fig. 3, the curve for Series 9 is repeated. The horizontal stray 
of the instrument was responsible for the fact that no greater vertical 
depth than 180 m. (calculated from wire angle) could be reached al- 
though the full 200 m. of cable was used. More irregularity was 
observed in the measurements at these great depths than normally 
characterized the shallower readings. This was undoubtedly due to 
fluctuations in the depth of the photometer which were not accurately 
reflected in the angle of the supporting cable. For the lower part of 
the series, the curves have been drawn as an average between the points 
rather than from point to point as in all other cases. The increased 
slope of the curve of Series 12 shows that the water at this station was 
more transparent (k—0.031) than at any other station. However, 
the physical and chemical properties of the water were found to be the 
same as at the station where Series 11 was made (Iselin, 1934). The 
latitude of the two stations is practically identical. Since Series 11 
was made in the late afternoon, whereas Series 12 was made at noon, 
the difference in elevation of the sun may have been responsible for 
the difference in transparency in this particular case. During both 
these observations the sea surface was smooth and probably did not 
diffuse the light nearly as much as in the cases discussed above. 
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The curves for the southern stations (Series 6 to 12) show a rather 
striking similarity in shape. The slope is steep at first, then becomes 
more gradual, and finally assumes a steep angle again. At the more 
easterly stations, the first change in slope occurs between 20 and 30 
meters, the second change between 60 and 80. In Series 11 and 12 
these changes fall respectively between 30 and 40 meters and between 
100 and 140 meters. Evidently there exists an intermediate zone of 
decreased transparency which is found at greater depths at stations 
where the water is clearer. It is possible that this zone is similarly 
encountered at the northern stations, but that here it exists at a higher 
level and extends to the surface. 

Series 13 was made in the Gulf of Maine under adverse weather con- 
ditions. ‘The transparency is very slightly less than in Series 1 and 2. 
The remaining curve in Fig. 4 represents Series 122 made a year later 
in Woods Hole Harbor. The water here was found to be the least 
transparent encountered, light being reduced to 1 per cent at a depth 
of 8 meters. The curves of Fig. 4 therefore represent the extent of 
the range of transparencies observed during the two years work. 

In 1932 eight series of observations were made in the Gulf of 
Maine. These are summarized in Table III. Curves plotted for the 
five series at Station 1287 are shown in Fig. 5. The loss at the sur- 
face, as indicated by the measurements at one meter, varies over a con- 
siderable range. Inspection of Table III shows that there is no simple 
relation between this loss and any one of the meteorological conditions. 
The value of this measurement probably results from a complex inter- 
action of the elevation of the sun, the condition of the sky, and the 
state of the sea surface upon both reflection and refraction. How- 
ever, the value of the transmissive exponent, from one meter down, 
varies very slightly during these four days. Diverse refraction at the 
surface may account for some of the differences observed, and the 
errors of measurement are probably responsible for others. The ship 
may have drifted into regions where varying amounts of suspended 
matter existed in the water. It is important to note that the diurnal 
vertical migration of zooplankton has no measurable effect upon the 
transparency of the water in this case. The data presented elsewhere 
(Clarke, 1933) indicate the numbers of animals involved and the mag- 
nitude of their movements. The level of the zone of maximum abun- 
dance changes with the hour of the day. There are no corresponding 
changes in the transmissive exponent at the depths involved. Wherever 
steeper segments of the curve do occur, they do not correspond with 
zones of abundant zooplankton. 

Three series of measurements were made in Woods Hole Harbor 
from the power boat “ Asterias.” The data for these are presented in 
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Table III and the curve for Series 122 is shown in Fig. 4. In this 
serles measurements were made every meter to a depth of 16 meters. 
Since the water in the harbor is so rapidly changed by swift tidal cur- 
rents, considerable fluctuations in the amount of sediment present un- 
doubtedly occur. In Series 121 it was possible to measure the irra- 
diation with the photometer suspended so that its window was only a 


Percentage of Surface Light 
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Fic. 5. Relation between depth and irradiation expressed in percentage of 
light just over the surface (logarithmic scale). The series shown (115 to 119) 
were all made at Station 1287 in the Gulf of Maine. The broken lines are merely 
to aid in distinguishing individual curves from each other in cases where they 
cross. 


few centimeters below the surface. The irradiation was found to be 
84 per cent of that recorded a few centimeters above the surface. Two 
hours later when Series 122 was made, a gentle breeze had sprung up 
and it was not possible to make another measurement as near the sur- 
face as before. The transmissive exponent for the whole series was 
slightly increased, but the irradiation at one meter remained the same. 


DISCUSSION 


A thorough review of the literature on the transmission of solar 
radiation through water has recently been made by Atkins (1932). Ac- 
cordingly, no systematic comparison of the work of previous investi- 
gators will be attempted in the present paper. However, the general 
relationship between observations reported here and comparable in- 
vestigations will be discussed briefly. 
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Comparisons can be made directly with the work of Poole and 
Atkins since our photometers have been standardized against theirs 
(see Table 1). The values for surface loss vary within the same range 
in both investigations. The transmissive exponents found to charac- 
terize the water at Stations 1002 and 1005 and at Stations 1053 and 
1287 are of the same magnitude as those observed by Poole and Atkins 
(1929) in the English Channel. 

The measurements at stations farther to the south give transmis- 
sive exponents lower than any previously reported using the photo- 
electric cell. Employing photographic methods, Grein (1914) detected 
blue-violet light in the Mediterranean at 1500 meters; and Helland- 
Hansen (1931) found blue light at 500 meters in the Sargasso Sea.* 
Shelford and Gail (1922) reported blue light at 120 meters in Puget 
Sound amounting to about 0.2 per cent of the surface light. This indi- 
cates a transparency approximately equivalent to our Series 11. The 
transmissive exponent recorded for Series 12 (k =0.031) approaches 
the value regarded by Atkins (1932, p. 185) as possible for the clearest 
ocean water. The values for the upper 59 meters in this series are: 


meters k 
1A) re teeth eye Pe re NG aes Berea oissat 0.010 
ZAK =5)) Nee pee Me iree Pano Vasb ints rire aaattnve tchecats 0.013 
SHAD Co oa tee tA a a Ae ein 0.011 
Z's (24 Ne alate oe pean ELA ly UH a ian aeneT 0.028 
AOE Oi ar alee ls RGA ei cy dela HUN Re ee NTR 0.015 


The transmissive exponent for the first 41 meters is lower than the mini- 
mum for pure water (k=0.015) according to Sawyer (1931). This 
apparent anomaly may be due in part to the fact that Sawyer’s meas- 
urement is diminished by the loss of light scattered in its passage 
through the water. In our measurements this loss is compensated to 
some extent by light which is scattered back into the cone of radiation 
received by the photometer. It does not seem likely that this effect 
could account for the whole discrepancy. Evidently, the measurements 
include some error. The fact that the value just under the surface is 
greater than 100 per cent also indicates this (see footnote above). How- 
ever, one can hardly escape the conclusion that the transparency of the 
water at this station was exceptionally great—perhaps near the maxi- 
mum possible. 

The least transparent water observed—in Woods Hole Harbor— 
was found to have a transmissive exponent comparable to that reported 

8 See Atkins and Poole (1933, p. 154) for discussion of the conditions in the 
Sargasso Sea. Dr. Atkins informs me also that the color of the water on the 


Forel scale is 2 in this region as contrasted with 6 in the region where our first 
series was made. 
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by Poole and Atkins for certain measurements in the English Channel, 
especially those made near shore in the Plymouth region. The water 
of many of the Wisconsin lakes investigated by Birge and Juday shows 
a similar degree of turbidity. The transparency reported by Shelford 
(1929) for San Juan Channel is intermediate in value between that 
found in Woods Hole Harbor and that found in the Gulf of Maine. 
The present measurements, therefore, fall in line with those made by 
other investigators and, to a certain degree, extend our knowledge of 
the penetration of light into the sea. 


SUMMARY 


1. Measurements of the penetration of daylight into the sea were 
made in the mid-Atlantic, in the Gulf of Maine, and in Woods Hole 
Harbor, using the photo-electric method described previously. A four- 
conductor insulated cable and an electrically operated internal shutter 
have been added to the No. 1 sea photometer. 

2. All three photometers exhibit essentially the same spectral sen- 
sitivity. For purposes of standardization the range of sensitivity is 
considered to extend from 3460A° to 5260A° with a maximum at 
4360A°. 

3. The photometers have been standardized against a 1000-watt 
Mazda lamp, the value of the irradiation from which was limited to 
that occurring within the spectral range of the photometers. The re- 
sults of standardization are presented in Table I. 

4. The changes in emission of the photometers and other possible 
sources of error are discussed, particularly those not dealt with by 
previous investigators. 

5. The observations made approximately on longitude 30° W. reveal 
an increasing transparency of the water, particularly of the upper 20 
meters, toward the south. Toward the north, the transparency is 
slightly greater than that found in the Gulf of Maine (transmissive 
exponenigue — O15): 

6. The most transparent water encountered was in the Sargasso Sea 
where measurements were made down to 180 meters. In Series 12 the 
average exponent was k = 0.031, and values of k==0.015 to k =0.010 
were obtained in the upper water layers. The least transparent water 
was found in Woods Hole Harbor (k =0.49). 

7. Examination was made of the extent to which the altitude of the 
sun, the condition of the sea surface, and the vertical distribution of the 
zooplankton affected the degree of penetration of light. Five series of 
observations under varying conditions at one station in the Gulf of 
Maine revealed no significant change in transparency. 
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8. The measurements of submarine irradiation are found to be com- 
mensurate with those of previous investigators, but certain significant 
differences are pointed out. 
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field of the Woods Hole Oceanographic Institution for helpful criticism of the 
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in the standardization of the photometers, and in the preparation of the manu- 
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THE POLYMORPHIC FORMS OF MELITTOBIA CHALYBII 
ASHMEAD AND THE DETERMINING FACTORS IN- 
VOLVED IN THEIR PRODUGIION. (HYMENOE- 
TERA: CHA CIDOMUDE SUL OP rips) 


RUDOLF G. SCHMIEDER 


ZoOLoGICAL LABORATORY, UNIVERSITY OF PENNSYLVANIA 


INTRODUCTION 


The purpose of this paper is to describe the polymorphism which 
occurs in Melittobia chalybii Ashm.,’ as observed in rearings made in 
the laboratory during the winter of 1928-29, and which, so far as known, 
has not heretofore been recorded for any species of Melittobia. This 
polymorphism involves the interpolation in the normal life-history of 
a generation of individuals which are genetically like the type-form but 
differ from that form in their structure and in their habits. In addition 
to the two forms of males and of females normally occurring, a third 
form of female was observed rarely. This form was also obtained 
under certain experimental conditions. 

Melittobia chalybii resembles closely the European species M. acasta 
in its structural features, its habits, and its life-history. The latter 
insect has been quite thoroughly studied, in this country by Howard 
and Fiske (1911) and in Europe by a number of investigators, most 
recently by Graham-Smith (1919), Browne (1922), and Picard (1923). 
As a result of these studies the biology of M. acasta is now rather well 
known. 

There is a decided structural antigeny, the males differing from the 
females in the reduction of their wings, the possession of an ocellus-like 
pigment spot on either side of the head in place of compound eyes, and 
in the modification of their antenne. 

The habits of M. acasta are also well known. It parasitizes the 
larve of numerous species of bees, wasps, and their hymenopterous 
parasites as well as the puparia of parasitic diptera in the nests of wasps 
and bees. In the laboratory it has likewise been reared upon the 
larvee of ants and the pupa of a cerambycid beetle. This polyphagous 
habit of the species has been made in part the basis for a stimulating 
discussion on the problem of host relations by Thompson and Parker 
(1927S 

Careful studies of the life-history of M. acasta have been carried 

1 The species was kindly determined by Mr. A. B. Gahan. 
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out, especially by Browne (1922) and Picard (1923), and the behavior 
of both sexes described in detail. The males are greatly outnumbered 
by the females, constituting only 5 per cent of the population. These 
males have excited the interest and the admiration of all observers by 
reason of their extraordinary courage and their ardor in love. They 
are very belligerent and engage in mortal combats with each other, not 
so much to gain the favors of the females but from sheer inherent 
pugnacity. Mating occurs within the cocoon or puparium, as the case 
may be, of the host and only the females eventually make their way to 
the outside. In the case of bees and wasps, female chalcids gain access 
to a host larva by entering the cells before they have been completed 
or they may, according to Thompson and Parker (1927), gnaw their 
way into the nest and into the cocoon of the host. Having found a host 
larva, the chalcid remains on its body, puncturing it by means of the 
ovipositor and in this way obtaining food and apparently also paralyzing 
it and preventing further development. 

Hundreds of eggs are deposited upon the host in the course of the 
parasite’s long life of three months, so that in spite of the small size 
of the chalcid larva (less than 2 mm.), a comparatively large host larva, 
such as that of one of the larger wasps, is completely devoured. 

Parthenogenesis occurs, but virgin females lay only a few eggs which 
invariably develop into males. Such male offspring, according to 
Browne, mate with and fertilize the mother, which then begins to ovi- 
posit freely. 

Buckell (1928) has described the life-history of M. chalybu from 
observations on several generations reared in the laboratory at Vernon, 
British Columbia, during the winter of 1926. The biology of this species 
was found to correspond in many of its details rather closely to that of 
M. acasta, as briefly outlined above. 

In the present paper, therefore, lesser details of the life- Hctory and 
of the behavior of M. chalybii will not be discussed at length, except in 
so far as they may be necessary for the purpose of this article, or as 
they differ markedly from those previously recorded for this insect. 


MATERIAL AND METHODS 


The chalcids used in this investigation were obtained from the mud- 
nests of Trypoxylon politus Say found on the walls in a deserted house 
at Goshen, Cape May County, New Jersey, in September 1928. Addi- 
tional material was obtained from the nests of Sceliphron cementarius 
Drury and Chalybion cyaneum (Fab) collected near Doylestown, Penn- 
sylvania, during December of the same year. 

The host larve used in the experiments were found in the cells of 
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the above-mentioned nests and included Trypoxylon, Chalybion, chry- 
sids, and an ichneumonoid parasite. In most of the work Trypoxylon 
served as the host although identical results were obtained with the use 
of the other species named. 

All experimental rearings were carried out in small covered glass 
chambers or cells constructed for the purpose. It made no difference 
in the results when these were kept in the bright light on the laboratory 
table or in the dark incubator ; nor is the maintenance of any degree of 
humidity a problem, since all larve transform perfectly whether they 
have been kept outdoors during the winter or have been allowed to lie 
entirely uncovered in the dry atmosphere of the heated laboratory. 

The individual parasites used in starting the first series of experi- 
mental cultures were obtained from a single cocoon of Trypoxylon 
chosen from among many which were brought indoors during Septem- 
ber. This cocoon, like many others, was fairly filled with the larve 
of M. chalybii, five hundred or more, all fully grown. Pupation, shortly 
followed by the emergence of adults, began towards the middle of 
November. Virgin females were readily secured by selecting and 
segregating pupz of that sex, and all fertile females were obtained by 
mating such virgins, on the day they emerged, with individual males. 
In the first experimental series, there were employed ten of these fe- 
males, all fertilized by a single male from the same host cocoon, and 
six other females which were left unmated. The mating of every fertile 
female used was observed under the binocular microscope. Each fe- 
male was then placed in an individual culture chamber together with a 
host larva free from its cocoon. 


Lire History 


An external examination of a Trypoxylon cocoon does not reveal 
whether or not it contains Melittobia. The material of the cocoon is 
hard, brittle and black, contains imbedded sand grains and is entirely 
intact. This indicates that the female chalcid gained entrance to the 
cell before the cocoon was spun and must have remained on the body 
of the host larva during the spinning process as suggested by Buckell 
and observed in M. acasta by Browne. On the other hand, Thompson 
and Parker state that M. acasta gnaws its way into the cocoon of its 
host and indicate that it also first bores its way through the mud wall 
of the nest. 


Feeding 


Soon after a female has been placed on a host larva feeding activi- 
ties commence; punctures through the integument of the host are made 
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with the ovipositor, and subsequently these punctures are revisited and 
the minute bits of blood which have exuded are ingested. Previous 
writers have stated that some of these “ stings” with the ovipositor are 
accompanied by the injection of a paralyzant which immobilizes the 
host and prevents its transformation. Trypoxylon larve during the 
winter diapause are extremely flaccid and are entirely incapable of any 
movement, paralyzation being therefore superfluous. As regards inter- 
ruption of development of the host, it was found that the “stings” of 
the chalcid were not always efficient, at least not in the case of several 
larve from Sceliphron cocoons in which pupation, succeeded by the 
hardening of the ectoskeleton, intervened and prevented the feeding 
and development of the parasitic chalcids. 

Feeding activities continue until the end of the female’s life, usually 
a period of from 60 to 75 days. Whether her death ensues from old 
age or from her inability to obtain food from the host, which by that 
time has been rather completely consumed by her own offspring, was 
not determined. 


Oviposition 

By the eleventh or twelfth day the abdomen of the female has 
become greatly distended and oviposition begins. During this process 
the ovipositor does not penetrate the host, the point of it is merely 
pressed against the surface, and the egg, flowing out between the valves 
of the ovipositor, comes to lie on the surface of the host. In M. 
chalybu it was found that for the first three or four days eggs are laid 
at the rate of four or five per day. Whether this rate increases or de- 
creases later on is not known, but it is safe to assert that a productivity 
of thirty-one eggs per day, as recorded by Browne for M. acasta, is not 
attained. M. acasta also differs in that it may begin oviposition within 
twenty-four hours after emerging. 


Development 


After an embryonic period lasting four days the young larve hatch 
and begin to feed on the surface of the host. The first few larvee (from 
12 to 20, when reared on Trypoxylon) then go through a very rapid 
development and emerge as imagoes within a minimum period of 14 
days after oviposition. Some of them, it appears, may require a few 
days, perhaps as much as a week, longer. These imagoes, both males 
and females, are quite different from the type form of the insect in their 
appearance and in their behavior. The length of their imaginal life is 
also abbreviated, most of the females not surviving longer than three 
days, although some may live 15 to 20, or even 30 days. Never do 
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these individuals attempt to leave the cocoon of the host within which they 
were born, but after mating deposit their eggs upon the same host upon 
which their mother continues to oviposit. After the above-mentioned first 
few larve have transformed, the remaining larve derived from the eggs 
laid somewhat later by the original female, together with the larve 
hatching from the eggs laid by the short-lived females of the second- 
form (usually over five hundred or six hundred in number), experience 
a much longer period of development and do not emerge until about 90 
days after oviposition. In Table I these two forms of individuals 


AABIeE el! 


Comparison of time of development and length of imaginal life of type-form and second- 
form of M. chalybiu 


Stadium Type-form Second-form 
days days 
Embry actin ate ee ce eae 4 4 
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are compared. The figures for the type-form represent averages from 
a number of rearings; also they were not obtained from the observation 
of individual specimens but from the records of the stages present each 
day in the cultures. The figures for the second-form represent the 
average minimum periods; the total maximum would probably exceed 
the minimum by not more than a week.” 


COMPARISON OF THE Two Forms 
Imago 


The outstanding structural differences between the two forms may 


2 Buckell (1928), in rearing several generations of M. chalybii at Vernon, 
British Columbia, indoors, during the winter of 1926 found that the times of 
development for the various stages were as follows: in the male, 3, 11, and 7 days 
for the egg, larva, and pupa respectively; in the female 4, 15, and 7 days. Browne 
(1922), from his rearings of M. acasta gives 2-9 days for the egg, and 8-9 days 
for the larva “under the most favorable conditions of food and temperature” and 
7 days as the shortest pupal period, adding that both larval and pupal periods vary 
considerably in their duration. 


POLYMORPHISM IN MELITTOBIA 343 


be understood by comparing the figures on Plate I. In the males of the 
type-form three well-developed dorsal ocelli are present on the vertex; 
while in the second-form these may be entirely absent in some indi- 
viduals, or in others from one to three may be present in a more or less 
aborted condition and without pigment. The large, facetted eyes present 
in all females are aborted in both forms of the male, and are represented, 
in the type-form male, by a black ocellus-like spot on either side of the 
head. In the second-form male they are similar but the pigment is 
again absent and only the small oval windows in the integument can be 
discerned. The wings in the second-form, although completely ex- 
panded, are even smaller than in the type-form. In color the second- 
form males are of a dark reddish-brown, compared with the lighter 
brown of the type, a distinction which is most pronounced on the head. 

In comparing the dimorphic. females, it will be noted that in the 
second-form the wings remain practically in the condition in which we 
find them in the pupa, being short and crumpled. The insect never 
moves them. The abdomen of the second-form is very much enlarged 
and distended at the time of emergence. A thinner ectoskeleton in 
which the individual sclerites are often less completely differentiated, 
especially on the abdomen and in the antennz where we may encounter 
a partial fusion of the joints, also characterizes the second-form. These 
females are brown in color while those of the type-form are a pitchy 
brownish-black. 

The structural differences between the individuals of the type-form 
and of the second-form are associated with equally striking differences 
in their physiological characteristics and in their behavior. As regards 
the males of the type-form, it was found that they behave and carry out 
their life functions in a manner closely resembling the descriptions of 
previous authors for this species and for M. acasta, but with some 
exceptions. 

The males of this species, as of the other, apparently do not feed at 
all and are unfriendly to other individuals of their own sex.* The act 
of copulation has been described in detail by Parker and Thompson. 


3 The terrible duels between males, described by a number of observers for 
M. acasta and by Buckell for M. chalybu, did not occur often. Even when a 
number of males were confined together in close quarters, with or without females, 
their encounters were generally without serious consequences. When two males 
happen upon each other they both kick their legs vigorously, as an insect does when 
becoming entangled in a web, and as a result tumble about awkardly, often rolling 
over together, but then quickly separate again as each goes on his way. Only in 
one instance did I observe two males wrestling together for a longer time. This 
encounter lasted ten minutes and ended only when one individual had succeeded 
in chewing off the left middle-leg of his antagonist, producing a large hole in the 
thorax at the point of attachment. This feature of the behavior of the males is 
mentioned here because it differs considerably in degree from that described for 
the same species by Buckell. 
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1. Type-form, male. 

. 2. Type-form, female. 

. 3. Second-form, male. 
4. Second-form, female. 
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In my observations, it was found to differ somewhat in the two forms. 
Preliminary movements go on for a period of two minutes followed 
by actual contact of the organs for about two seconds. The males of 
the second-form differ mainly in that the movements of their antennz 
and legs during copulation are less regular and methodical, less perfectly 
coordinated, and that the entire act requires not more than one-half 
minute for its completion. This difference in the time given to the 
preliminary movements preceding insemination proved troublesome in 
experiments in which the males of one form were mated with females 
of the other form, since the cooperating final reactions of the female 
of each form are synchronized to the actions of the males of that form. 

The males of both forms are comparatively short-lived ; their constant 
activity and abstinence from food soon depletes their energy reserves 
and they die within a week after emergence. 

Feeding and egg-laying activities as carried out by females of the 
type-form have already been described. It is these females which, after 
mating, make their way out of the cocoon and out of the nest of the host.* 

The second-form of females is very different from the type-form in 
that the abdomen is very much enlarged at the time of pupation, the 
ovaries and eggs apparently developing during the pupal instar; and from 
40 to 60 eggs may be laid on the day the adult emerges. The imperfec- 
tions in the physical development of these females are paralleled by their 
very awkward and helpless behavior. They are barely able to crawl about 
slowly upon the host on which they were born; they mate and deposit 
their eggs in quick succession in the course of the first few days of their 
adult life. By the third or fourth day their abdomens become shrunken 
and collapsed as the supply of eggs is depleted and they die. Occa- 
sional females of this form are able to feed, and the peristaltic move- 
ments of their stomach are visible through the side of the abdomen. 
Such individuals may live and continue to oviposit for a period up to 
30 days, the average being 14 days. In general, individual females are 
more apt to feed and continue to live if placed upon a fresh host where 
they are not. disturbed by the presence of other adults and larve and 
where they can obtain nourishment more readily. 


Larva and Pupa 
Striking differences between the type-form and the second-form of 


4 Contrasting the type-form female of M. chalybii with the female of M. 
acasta, it is noted that in the former oviposition does not occur until the eleventh 
or twelfth day after feeding has begun. At the time of emergence the abdomen 
is rather slender, indicating that the ovaries have not yet fully developed, but after 
eleven days of feeding, the abdomen has become greatly distended and the insect 
begins to deposit eggs. 
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individuals are equally evident in the larval and pupal stages. The 
shortened life-history of the second-form involves, as we have noted, 
an acceleration of development in the larval and pupal stages, but not 
in the embryo. The larva grows with great rapidity and to a larger 
size than does that of the type-form. In seven days it may be fully 
developed, after which defecation occurs followed by pupation, the 
pupa of the second-form being easily recognized by the large, distended 
abdomen. Four days after pupation, the imago appears. 

The larve which give rise to the type-form of the species remain 
as larve for a period of about seventy-five days ° at room temperatures ° 
during the winter. 

Of this long larval period only the first week or two are given over 
to feeding, the actual time depending on the number of larve present 
and the condition of the host. During the remaining time the larve are 
in a kind of diapause, and it is this type of larva which hibernates in 
the cocoons of the host. A remarkable and puzzling circumstance is 
that although the host is always completely consumed by the parasite 
larve so that there remains only the shrivelled integument containing a 
quantity of white material, the urates of the fat body, these parasite 
larve are all perfectly developed. None of them appears undernourished 
and each without exception eventually transforms. Although the pos- 
sibility of cannibalism among the larve is not entirely excluded, evi- 
dences of such behavior were not apparent. Neither form of larva 
spins a cocoon. 

In both forms of larve, as in all other parasitic hymenopterous larve, 
the discharge of wastes and food residues occurs only once, just preced- 
ing pupation. In these chalcids, the egesta of the type-form consist, as 
previously described by Buckell, of a long dry chain of frass pellets, 
several times the length of the larva and gray in color. In the second- 
form the egested material is yellowish and semi-liquid, solidifying only 
after exposure to the air. 


Discussion 


When the life cycle as it probably occurs in nature is reviewed, its 
adaptive nature becomes immediately apparent. A female Melittobia 
of the type-form may enter the cell of a Trypoxylon before that cell has 
been sealed shut and remain there while the host larva is developing. 
During this time the chalcid may feed upon the larva or even upon the 

5 This time is the average of 20 cultures in which the date when the maximum 
number of eggs were present in each culture was noted and compared to the date 
on which the largest number of larve were pupating. 

6 The temperatures in the laboratory during the winter varied somewhat from 


day to day, ranging from 19° to 25° C., the usual temperature being 23° C., the 
room remaining at this temperature both day and night. 
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spiders with which the nest has been provisioned, and when the wasp 
larva spins its cocoon the chalcid becomes permanently enclosed within 
it and may then begin depositing its eggs. The parasite is very minute 
compared with its host and lays but four or five eggs per day, too low 
a rate to furnish sufficient offspring to consume the host entirely, espe- 
cially if oviposition is begun late in the summer.’ However, fourteen 
days after the first eggs have been laid, a generation of offspring con- 
sisting on the average of 13 females and 2 males of the short-lived or 
second-form of individual emerges. These remain within the cocoon 
and the females after mating each deposit from 40 to 60 or more eggs 
upon the same host. It is these eggs, together with the eggs the original 
mother continues to lay on this host, which give rise to the 500 to 800 
larvee finally produced, a number sufficient to use up entirely the avail- 
able food. All of these larvz, some the offspring of the original female 
but the majority the offspring of her daughters of the second-form, fol- 
low the longer course of development and after a diapause finally 
transform into imagoes of the type-form. It is larvee of this kind which 
one finds hibernating in the cocoons of the host. 

This interpolation of an additional generation of adults in the life- 
history is thus seen to constitute a remarkable biological adaptation 
which effects a more complete utilization of each host and, as a corollary, 
secures the production of a maximum number of offspring from each 
host. The structural characteristics of the two forms and their behavior 
also reflect the difference in the roles they fulfill in the survival of the 
species. The type-form is produced in large numbers and is adapted 
to making its way out of the host cocoon, leading an active, “ outdoor ” 
life and seeking new hosts upon which to oviposit. While this form 
assures the dispersal of the species, the second-form is adapted only to 
life within the host cocoon chosen by its mother and its function is 
purely a reproductive one. Although the means used to secure the end 
are different, the final outcome of the production of this second-form of 
individual may be compared to the results of polyembryony in the life 
history of certain other chalcid flies. 


Factors CONDITIONING THE PRODUCTION OF THE 
PoLtyMorPHIc ForMS 


Life Cycle 
Under natural conditions, it is only the first few eggs laid by a 
type-form female which develop into individuals of the second-form; the 


7 From the length of the life history it appears that there are probably two 
generations of the type-form each year, one which emerges in the spring from the 
overwintering larve, and a second which emerges in the late summer. 
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other eggs as well as all of the eggs of the second-form females always 
develop into the type-form. 

The questions which naturally arise are: Is there a difference in the 
eggs themselves which causes the first few to develop along a different 
direction from that followed by the eggs laid somewhat later, or are 
there other factors operating? Again, can individuals of the second- 
form produce only the type-form of insect, is there any regular alterna- 
tion of forms involved, and are the two forms in any way genetically 
different ? 

In the ordinary course of the life cycle, the type-form female lays 
some eggs which yield second-form adults and others which yield again 
the type-form. If we let “T™” represent the type female and “S$,” 
the second-form, then the succession of forms occurring in nature may 
be represented as follows: 


ve 
i 


—> T 


—> T 


However, if a female of the second-form is removed from the host 
upon which it was born and would ordinarily remain to deposit its eggs, 
and is placed upon a fresh host which has not yet been parasitized, we 
get the same end results as if we were using a female of the type-form. 
In other words, the first few eggs of this second-form female produce 
a generation of individuals like herself ; the subsequent eggs, type-form 
individuals. Diagrammatically, we may represent the succession thus: 


ee 


Sy ——————> T 


—> T 


If we again remove the second-form imagoes to a fresh host we 
obtain the same results as before and this procedure can be continued, 
apparently indefinitely, so that we may secure a succession of genera- 
tions of the second-form without the insertion of a generation of the 
type-form. This was actually carried through in the experiments, to 
the seventh generation. In the diagram each individual is shown giving 
rise, as it normally does, to type-form individuals also, as in the preced- 
ing description. 


va Sy — > Sp—> $3 —> Sy —> Ss —> Ss —> S7 
IF 
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Crossing the Dumorphic Forms 


Crosses were made in order to determine whether any genetic factors 
were involved in the production of the two forms and whether the males 
from eggs of virgin females* were in any way different from those 
produced by fertilized females. The various matings made are in- 
dicated in Table II, using the same notation as before. Of the crosses 
listed only the first and the fifth occur in nature in this species. “(V) ” 
means that the male in question was the offspring of a virgin female. 


TasieE II 
Matings Made in Crossing Dimorphic Forms of M. chalybii 
2 ou Q fof 
i Der 9. Se &X S2(V) 
2 GES 10. Se X Ss 
Se il Si) 11. S$; XS: 
4.5 XT I, a SX AP 
Se SOOM Si Bie Se OK Sy 
6. Se X Si 14. Ss X S; 
i S53 >< Si) Se Se < Ss 
8. Se X Se ; 


None of these rearings gave results which differed at all from those 
already described. They rule out any possible genetic mechanism as 
involved in this dimorphism, and rearings number 2, 4, and 12, which 
are among those that do not ordinarily occur, demonstrate that a female 
of either form mated with either kind of male may produce offspring 
of both forms. 


Trophic Conditions 


The fact that always only the first few larva which feed upon a 
particular host develop into individuals of the second-form while ali 
others which may come after are destined to be of the type-form, sug- 
gested that possibly the food which the first larve obtain is qualitatively 


8 Virgin females feed upon the host larva as do the fertilized females and their 
abdomens become equally distended. However, very few eggs are actually de- 
posited (from 0 to 10 in number). Of these the majority never hatch, but shrivel 
and dry up in the course of a few days. Occasionally, an egg will hatch and 
eventually develop into a male. It seems as if the proportion of eggs which hatch 
and produce males compared with the number which fail to develop is about the 
same as the ratio of males to females normally occurring in this species. From 
this follows the possible theoretical explanation that there is a predetermination in 
the ovary, that approximately 10 per cent of the eggs may develop partheno- 
genetically into males, while the remaining eggs cannot develop at all unless fer- 
tilized, when they produce females. 
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different from that available to the later ones. It is found to be in- 
variably the case that after from twelve to twenty second-form larve 
have been reared on any Trypoxylon larva, it is no longer possible to 
rear anything but type-form larve upon that host. This fact was 
established by allowing females which had not yet oviposited to lay 
eggs on hosts from which a generation of second-form adults had al- 
ready emerged. In such cultures, even the first eggs which the female 
lays yield only type-form adults. When eggs laid by a type-form 
female, after she has already produced the full number of second-form 
adults, were transferred to a fresh host, they too developed into offspring 
of the second-form, although if they had been allowed to remain on the 
original host they would have yielded only type-form individuals. Ex- 
periments in transferring larger numbers of eggs to a host entirely out 
of contact with adult chalcids rule out the possibility that a substance 
injected into the host by the ovipositing female may in some way affect 
the feeding larve.°® 

Other observations confirm the conclusion that there is a difference 
in the nature of the food taken up by the larve and that the food in- 
gested by the first larvee may be described as being richer. These 
observations are: (1) The larve of the second-form (those that feed 
first) grow more rapidly and attain a larger size. (2) Their excrement, 
as already indicated, is small in quantity and of a different color and 
consistency from that of the type-form, which is quite large in quantity 
and probably composed mostly of urates derived from the host. (3) 
When a smaller larva, e.g., that of a chrysid, is the host, a correspond- 
ingly smaller number of second-form larve develop. 

The conclusions then are, that those larve which are the first to 
feed upon a given host ingest the blood, while those which begin feeding 
somewhat later ingest to a larger extent the remaining available tissues, 
and that this trophic difference determines whether they will become 
adults of the second-form or of the type-form. 


Tue Time AND NaTurRE OF THE DETERMINATION 


In an attempt to gain some insight into the nature of the determining 
process and the time when it occurs, a few preliminary experiments 
were conducted. These consisted of transferring larvee which had at- 
tained from one-third to one-half their full length from one host to 
another. 

A. Larve from a fresh host were transferred to rather completely 
spent hosts on which several hundred larve had already fed. These 


® Another but very remote possibility, namely that the larvee which feed first 
may themselves inject substances into the host which affect the larvz which feed 
after them, was not investigated. It would seem, however, that the larve pro- 
ducing such a secretion would themselves again ingest it. 


5 Seam 
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larve, had they been allowed to remain on the first host, would have 
developed within 9 days into adults of the second-form. 

Of 4 larve which were transferred, 1 completed its development on 
the second host in 29 days, yielding a type-form female, the other 3 died. 
In another experiment, again using 4 larve, the same result was ob- 
tained, except that the surviving individual required 30 days to complete 
its development. The death of most of the larvz is ascribed to the 
difficulty they had in securing food from the used-up hosts and to the 
fact that decay had begun to set in in these used hosts. 

B. Larve from a partly spent host were transferred to fresh, un- 
used hosts. These larve, if left on the original host, would have 
required about 90 days to complete development and would have emerged 
as individuals of the type-form. 

In one experiment, 4 larve after being transferred, all completed 
development within 12 days and emerged as females of an intermediate 
form, with wings somewhat shorter than in the type-form. In another 
trial, the time required was 13 days, for 2 of the 4 larve used. Ina 
third, using 3 larve, 2 emerged on the twentieth day. All imagoes 
obtained were of the intermediate-form. The records for the last two 
experiments are incomplete due to interruption of the work. 

Although the size and age of the larva were not carefully controlled 
and although the experiments were few in number, the records obtained 
do give some information regarding the dependence of the length of 
larval life and of the form of the adult upon the nature of the food 
taken in during different parts of the feeding period. 

In the first series it is apparent that the shortening of the develop- 
mental period associated with feeding upon a fresh host is not lost when 
the larve are transferred to a used host, although the poorer food 
obtained from this second host does retard development by about 20 
days. Either the trophic conditions during the latter part of the feeding 
period or the lengthening of the time of development, for the two are 
inseparable here, resulted in the production of individuals of the type- 
form. 

In the second series, transferring larve to a fresh host accelerated 
their development so that they emerged, in most cases, as soon as if they 
had begun their feeding upon that host. But in spite of this rapid 
development and larger final size, characteristic for second-form indi- 
viduals, the imagoes actually obtained resembled more closely those of 
the type-form. They are here designated as of an intermediate-form. 
The wings, although only two-thirds normal length, are fully expanded, 
as in the type-form; the abdomen is somewhat distended at the time 
of emergence but is not as large as that of the second-form, while in 
color they are again almost as dark as the type. 
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From these experiments it has become apparent that the length of 
larval life is directly determined by the trophic conditions obtaining, 
especially those obtaining during the latter half of the feeding period. 

It appears probable (from Series B) that the production of the 
type-form is determined during the earlier larval period, but that this 
tendency will not be entirely realized if- the entire larval period is 
shortened by transferring the larva to a fresh host. In this event, it 
appears as if the wings did not have time to grow to their full normal 
length during the very brief pupal stage, intermediate-forms resulting. 

The development of second-form adults seems to depend both upon 
the early trophic conditions and upon the shortening of the larval and 
pupal periods. More definite or detailed conclusions cannot be ventured 
until more extensive experiments have been made. 


CoNCLUSION 


The polymorphic forms in M. chalybii have been found to differ 
from each other both morphologically and physiologically and have been 
shown to be conditioned by extrinsic trophic factors. Both in the 
existence of structural differences between the forms and in the nature 
of the factors which produce them, the polymorphism in this chalcid is 
therefore comparable to that occurring in the social bees and wasps. 

In Melittobia, as in the social forms, the food is not to be considered 
as a direct cause of the differences between the polymorphic forms, but 
rather as a factor which acts in an indirect way upon the growing larva 
and determines which one of two inherently possible paths of develop- 
ment will be followed. The restriction of the insect to one of two 
alternatives in development is especially obvious in species like Melittobia 
chalybii and the honeybee, in which intermediates between the two forms 
of the female are exceedingly rare, in spite of the fact that, at least in 
the former species, all trophic gradations from the most to the least 
favorable are experienced by numerous individual larve. In bumble- 
bees, on the contrary, we find less difference between the two forms 
of the female, and the intermediate forms seem to indicate a more direct 
dependence upon the amount or the quality of the food received by the 
larva. 

Finally, it is of interest to recall here that in one of the few other 
instances of polymorphism in chalcids, that of Trichogramma cacecie, 
an egg parasite, Marchal has found that the larve are also sensitive to 
food differences and react by a change in the rate of development, this 
rate depending upon the rate of development of the host embryo. 


POLYMORPHISM IN MELITTOBIA 353 


SUMMARY 


1. The parasitic chalcid Melittobia chalybii Ashm. occurs in two 
forms, the type-form and the short-lived or second-form. The pro- 
duction of one or the other of these two forms is determined by the 
trophic conditions obtaining during the growth of the larva. A third 
form of female was obtainable experimentally and very rarely in the 
normal cultures. 

2. The males of the second-form differ from the type-form in their 
darker color and in the more aborted condition of their optic organs. 
The females of the second-form differ from typical females in their 
lighter color, in the failure of their wings to spread upon emerging from 
the pupa, in the large swollen condition of the abdomen which is full of 
ripe eggs at the time of emergence, and in the shortness of their imaginal 
life. Both sexes of the second-form emerge as adults in a minimum 
of fourteen days after oviposition compared with the ninety days re- 
quired for the development of individuals of the type-form. 

3. The life history is as follows: A female of the type-form enters 
the nest of a host wasp (¢.g., Trypoxylon politus Say), and remains 
upon the host larva within the cocoon, feeding and ovipositing for about 
70 days, until it dies. The first few (12 to 20) eggs laid develop in 
about 14 days into a generation of males and females of the second- 
form. These do not leave the host cocoon and the females deposit their 
eggs upon the same host upon which their mother continues to oviposit. 
All eggs, those of the mother and those of her offspring of the second- 
form, now develop in about 90 days into chalcids of the type-form. 
After mating, the females alone gnaw their way to the exterior. 

4. Experiments involving the transfer of eggs from one host to 
another and the transfer of ovipositing females to different individual 
host larvae demonstrated that all eggs of both forms of females are 
potentially alike and capable of developing into imagoes of either form. 
In every experiment, the first few larve which feed upon a given host 
invariably give rise to adults of the second-form, all the remaining 
larvee to adults of the type-form. The conclusion is that the first larvee 
ingest mainly the blood of the host while the later ones must feed to a 
larger extent upon the remaining tissues; and that this trophic difference 
determines the production of one or the other form of adult from a 
single type of egg. 

5. Experiments involving the changing of the trophic conditions 
during the life of an individual larva give some insight into the nature 
of the determination and the time at which it occurs. 

6. When larve were transferred from a partly consumed host to a 
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fresh host, a third form of female individual, termed intermediate-form, 
was obtained. 

7. In crossing females of one form to males of the other form, in- 
cluding males derived from virgin females, the results obtained differed 
in no way from those obtained from the usual matings which occur 
in nature. 
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EFFECTS OF CENTRIFUGAL Force ON THE EcTopPLASMIC Layer, NUCLEI, AND 
PRoTOPLASM OF FERTILIZED SEA UrcHin Eces. Ethel B. Harvey—The ecto- 
plasmic layer of Paracentrotus lividus, Parechinus microtuberculatus and Sphe- 
rechinus granularis can be thrown down by centrifugal force as a ring which lies 
in the perivitelline space. When eggs kept in Ca-free sea water are centrifuged, 
the ring is not thrown down, but when returned to sea water, the ectoplasmic mate- 
rial is precipitated as small refringent granules in the perivitelline space. 

If centrifuged before or during the monaster stage, the pronuclei can be sep- 
arated, the female going to the light pole and the male to the heavy pole. In 
greatly elongated eggs, during the time that the male nucleus is approaching the 
female, it may enlarge so as to become three times the volume of the female. In 
eggs separated into two parts, one may contain the female and the other the male 
nucleus. In most cases, the female nucleus forms a monaster, and the fragment 
does not divide; the male nucleus forms an amphiaster and this fragment divides 
normally. In a few cases, the part with the female nucleus divided normally and 
the part with the male nucleus did not divide, the male nucleus grew smaller and 
disappeared. 

Fertilized eggs (30-90 seconds after insemination) stratify and break into parts 
similar to unfertilized eggs, but slightly more elongate. During the monaster stage 
they form long streamers sometimes 14 times the original diameter of the egg. 
They elongate less during the streak stage and only slightly during the amphiaster 
stage. The fertilized eggs of Parechinus and Paracentrotus break more rapidly at 
all stages than the unfertilized, the fertilized eggs of Spherechinus less rapidly than 
the unfertilized. 


Morton Pictures TAKEN THROUGH THE CENTRIFUGE-MIcROSCOPE ILLUSTRAT- 
ING DIFFERENCES IN BEHAVIOR OF UNFERTILIZED AND FERTILIZED SEA URCHIN 
Eccs. E. Newton Harvey. 


Some DaTA FROM A CORRELATED ANATOMICAL, PHYSIOLOGICAL AND BEHAVIOR- 
ISTIC STUDY OF THE REPRODUCTIVE CYCLE IN THE FEMALE GUINEA Pic. William 
C. Young. (Published in the Am. Jour. Physiol., 105: 393-398, 1933.) 


HMocLosiIn-RiInGER, A NEw Mam™Ma.iAn Perrusion Friurip. William R. 
Amberson. 


July 5, 1933 
Some Errects oF BLUE-GREEN ALG oN LAKE FisH. G. W. Prescott. 


DISTRIBUTION AND EcoLoGy oF THE Martine ALG# or THE MariITIME PRovy- 
INCES OF CanapDA. Hugh P. Bell. 


DISTRIBUTION OF THE FRESHWATER ALG& OF NEWFOUNDLAND. W. R. Taylor. 
-—On the basis of three sets of samples examined by the writer, and a short list 
published by another investigator, about 500 desmids and 175 other alg are 
recorded. Examination of the data for the desmids showed that they followed, 
in general, the distribution known to be characteristic of the Phanerogams. The 
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special occurrences of non-desmid algze are discussed. The extended paper is to 
carry in addition to this information, detailed measurements, critical taxonomic 
notes (including over 30 new species, varieties, and forms), and illustrations of 
approximately all the desmids. 


July 10, 1933 


THE CONCENTRATION OF ORGANIC DERIVATIVES IN SEA WATER, IN RELATION 
TO THE CHEMICAL COMPOSITION OF PLANKTON. A. C. Redfield. 


DiuRNAL MIGRATION OF PLANKTON IN THE GULF .OF MAINE AND ITS CORRELA- 
TION WITH CHANGES IN SUBMARINE IRRADIATION. George L. Clarke. 


THE ROLE oF BACTERIA IN THE FORMATION OF NITRATE IN THE SEA. Selman 
A. Waksman and Cornelia L. Carey. 


July 14, 1933 


Tue EFFEecT OF RESPIRATORY PoIsoNS AND METHYLENE BLUE ON CLEAVAGE 
or Certain Eccs. M. M. Brooks.—CO (about 97 per cent) hindered cleavage of 
fertilized Arbacia and Asterias eggs as compared with Nz; an 80-20 mixture of 
CO and O, had little effect. KCN (510° M) inhibited cleavage (Arbacia). 
Methylene blue 5 X 10° per cent accelerated and 5 & 10~ per cent retarded cleav- 
age in Arbacia; Asterias behaved likewise but at lower concentrations. Methylene 
blue, 5 < 10° per cent antagonized the effects of CO and dilute KCN on cleavage, 
but not that of Ne, 1.e., lack of O. 


Tonic CHANGES DURING THE DEVELOPMENT OF FisH Eccs. Laurence Irving 
and Jeanne F. Manery. 


Tue TENSION AT THE SURFACE OF Ecc Cetts. E. Newton Harvey. (To be 
published in the Jour. Cell. and, Comp. Physiol., October, 1933.) 


FERTILIZATION MEMBRANES OF CENTRIFUGED ASTERIAS Eccs. Donald P. 
Costello. 


Tue Kipney TusuLes with PHENoL Rep and NeEuTRAL Rep. Robert 
Chambers. 


July 18, 1933 


CHROMATIN EXTRUSION IN CERTAIN CILIATE COMMENSALS OF MUSSELS. 
G. W. Kidder. 


Tue REORGANIZATION BANDS IN THE MacronucLeus oF Aspipisca. F. M. 
Summers.—The reorganization bands (Yocum, 1918) in Aspidisca lynceus Mull. 
are somewhat similar to those found in Euplotes (Griffin, 1910; Yocum, 1918; 
Turner, 1930), so that the same terminology has been adopted as far as possible. 

The first indication of approaching division is the appearance of the reorganiza- 
tion band, which soon divides into two parts. These two bands, each consisting of 
three distinct planes, make their appearance (?) in the central portion of the 
C-shaped macronucleus and each traverses its respective half of the nucleus from 
the midregion to the extremity, where it disappears leaving the nucleus in a greatly 
altered condition. 

The growth of the central region and the simultaneous disappearance of the 
older segments are apparently correlated with the migration of the reorganization 
bands through the macronucleus. Structural modifications coincident with re- 
organization are easily observed since both altered and unaltered parts of the 
nucleus are present for a time in the same organism. In Feulgen preparations the 
chromatin reticulum of the altered part is heavier, more compact, and with fewer 
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alveoli than that of the unaltered parts. Flemming-hzmatoxylin preparations dem- 
onstrate certain “pocket” granules in the distal regions that are not to be found 
in the reconstructed part. 

Following Turner’s (1930) interpretation of the phenomenon in Euplotes 
fatella it is suggested that the three planes of each band represent three successive 
phases in the transformation of the central chromatin reticulum into non-staining 
nuclear substances. The non-staining phase (the reconstruction plane) may be a 
region of interplay between altered and unaltered parts of the nucleus and between 
these and the cytoplasm. 


COMPARATIVE STUDIES ON THE OSMIOPHILIC AND NEUTRAL-RED-STAINABLE IN- 
CLUSIONS OF THE GENUS VorRTICELLA. Harold E. Finley—Osmic acid and silver 
nitrate techniques were used to prepare whole mounts and sections of Vorticella 
convallaria (Linneeus 1758), V. microstoma Ehrenberg 1830, and V. campanula 
Ehrenberg 1831. Neutral red and Janus green B were used as vital stains. Ob- 
servations indicate that very few significant differences exist between these species 
of Vorticella, so far as osmiophilic and argentophile and neutral-red-stainable in- 
clusions are concerned. Some possible sources of errors in the identification of the 
“so-called Golgi material” in the Protozoa are pointed out. 


EXPERIMENTAL CyToLocy oF AM@BA PROTEUS. S. O. Mast and W. L. Doyle. 
—Ameeba proteus contains among other structures: fat globules; small bodies, usu- 
ally elongated; truncated bipyramidal crystals, frequently with blebs attached; and 
highly refractive globular bodies held by different investigators to be secondary 
nuclei, nutritive spheres, Golgi bodies, and vacuome. 

We found the following: The small bodies have all the essential characteristics 
of mitochondria. The crystals are probably a magnesium salt of a mono- or di- 
substituted glycine. There are two kinds of refractive bodies, one in the food 
vacuoles, the other free in the cytoplasm. The former is optically homogeneous. 
The latter consists of a surface layer of viscous substance on a fragile shell of 
carbohydrate material which surrounds a central plastic mass. 

In attempting to trace the transformation of food into protoplasm, the com- 
ponents of the cytoplasm were stratified by centrifuging and held in this condition 
by chilling, then the various structures mentioned above were partially or entirely 
cut out, after which the specimens were either starved or fed with selected food. 
The following was found: 

The crystals and the homogeneous refractive bodies form in the food vacuoles. 
The food vacuoles divide, forming small vacuoles each containing a crystal. The 
mitochondria pass from the surface of the food vacuoles to the crystal vacuoles. 
As this occurs the homogeneous refractive bodies and the crystals become smaller 
and the blebs on the crystals larger until the crystals disappear and the blebs 
become free refractive bodies. The mitochondria appear to transfer substance 
from the food vacuole to the crystal vacuole. The free refractive bodies have 
staining characteristics of plastids in plants. They are reserve food. Both types 
of refractive bodies are stages in the transformation of food into protoplasm. 


July 25, 1933 
One STEP IN THE DEVELOPMENT OF HEREDITARY PIGMENTATION IN THE FISH 
Oryzias LATIPES. H. B. Goodrich and C. B. Crampton. 


TRANSLOCATIONS IN THE MouSsE AND THEIR Errect oN DEVELOPMENT. George 
D. Snell. 


A SERIES oF PropaBLtE Mutations in DrosopHILA PSEUDO-OBSCURA AS Com- 
PARED WITH D. MELANOGASTER. D. E. Lancefield. 


SEX-DETERMINATION IN HyMENopTERA. P. W. Whiting.—It has been shown 
in mosaic males of Habrobracon that the dominant eye color may appear at the 
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margin separating the genetically different tissues, each of which bears a different 
recessive factor. Thus black is reconstituted along the line separating ivory from 
white. Similarly feminized genitalia may occur if the two types of tissue adjoin 
in the genital region. Thus each of the two types of tissue in the male mosaic are 
recessive for a different factor determining sex. On the basis of these and other 
findings already published, it is postulated that females are in chromosome con- 
stitution, 1 X-+1 Y-+2 A, while normal (haploid) males are 1 X+1 4 or 
1 Y-+1 A, and biparental (diploid) males are 2 X+2 A or 2 VYt12 A. X 
contains the factors F and g while Y contains f and G. The theory brings the 
problem of sex determination in Hymenoptera into line with current views of 
genic balance. 


August 1, 1933 


THE EFFECTS OF Fat SOLVENTS UPON THE FIXATION oF MritocHONDRIA. Con- 
way Zirkle. 


STUDIES ON THE CyToLocy or Ampuisia. Arthur W. Pollister—A study has 
been made of the cytoplasmic structures in a variety of amphibian tissues, nearly 
all types being represented with the exception of the striated muscle fiber and the 
neurone. The Kull, Kolatchev, and Benda methods were chiefly employed. Every 
type of cell was found typically to contain three types of cytoplasmic structures: 
chondriosomes, usually in the shape of unbranched filaments; Golgi material, in 
the form of thin lamellz; and, in nearly every type, a pair of centrioles. In the 
cells that are not physiologically polarized the Golgi platework always envelops 
the central apparatus that surrounds the centrioles. In cases where the cell contains 
an abundance of cytoplasm an aster is developed about the central apparatus, and 
chondrioconts in that part of the cell are oriented radial to the centrioles. To this 
unpolarized type belong the following cells: leucocytes, erythrocytes, mesenchyme 
cells, fibroblasts, gonial cells, peritoneal epithelial cells, endothelial cells, and smooth 
muscle fibers. In all physiologically polarized cells, 7.e. columnar, cuboidal, and 
polyhedral epithelia, by contrast, the Golgi material has no fixed topographical 
relationship to the centrioles. The latter are usually located near the center of 
the distal end of the cell. The axis passing through the two is often perpendicular 
to the cell surface, and in some types a flagellum is attached to the distal centriole. 
The Golgi apparatus in most cases is in the form of a thin irregular belt, often 
surrounding the distal end of the nucleus. In some instances it is in the form 
of separate discoid lamellz in the same position as the other type. In glandular 
cells the Golgi material is localized at the site of synthesis of the secretory product. 
In all the polarized cells the chondrioconts are oriented with their long axes parallel 
to the direction of the flow of materials through the cell, i.e. between the base and 
the lumen. It is suggested that cytoplasmic currents are responsible both for this 
arrangement and for the radial orientation of chondriosomes in the unpolarized 
cells. 


THe IRRADIATION OF BrioLtocicaL Suspensions By Monocuromatic Licur. 
(Tue Errect or Uttra-vioLtet Ligut on a PLANT Virus AND Bacterta.) B. M. 
Duggar and Alexander Hollaender. 


Motion Pictures SHowING SoME VARIETIES oF NERVE IRRITATION, AS SEEN 
In Livine Froc Tappotes. Carl C. Speidel—The reactions of single internodal 
segments of myelinated nerve fibers in living frog tadpoles have been observed in 
minute detail following many varieties of experimental irritation of both acute 
and chronic types. Illustrative ciné-photomicrographic records have been ob- 
tained. Below are specified the titles of some of the pictures: 


1. Acute irritation and rapid metamorphosis of a myelin sheath segment immedi- 
ately after a hot water burn. (A continuous picture showing myelin swell- 
ing, rippling, and ovoid formation.) 
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2. Swelling and wrinkling of the myelin sheath following administration of a 
strong anesthetic (chloretone). 

3. The production of beaded myelin by alcohol intoxication. 

4. The swelling reaction shown by the same two myelin segments photographed 
immediately before and immediately after alcohol treatment. 

5. Nerve irritation from low temperature (tadpole embedded in packed snow for 
several hours). 

6. Examples showing trophic (Wallerian) degeneration of a myelinated fiber 
after section. 

7. Irritation and recovery of a myelinated fiber following adjacent wound in- 
fliction. 

8. Traumatic irritation and recovery of a proximal stump myelin segment after 
nerve section. 

9. Examples of myelin segments showing delayed irritation, several days after 
exposure to X-rays. 

10. Chronic irritation resulting from starvation. (Several examples of wrinkled 
and swollen nerves after six days total starvation.) 

11. Granular degeneration of nerve fibers and sheath cells associated with pro- 

' longed inanition (20 days starvation). 

12. Effects on nerves of administration of thyroid gland extract. 

13. Pressure irritation showing delicate connecting strands between the axis cylinder 
and myelin sheath as these two structures undergo separation. 

14. Temporary irritation and recovery of a myelin segment between two wounds, 
the nerve fiber remaining intact. 

15. Polariscopic pictures showing the behavior of the anisotropic material of the 
myelin sheath during various stages of growth, irritation, and degeneration. 

16. Degeneration*of sheath cells on normal nerves. 

17. Leucocytes, chiefly macrophages, moving about in a degenerating mixed nerve. 

18. A macrophage leaving a blood capillary sprout (diapedesis). 

19. A macrophage containing ingested anisotropic granules moving about within 
a single degenerating myelin segment. (Pictures taken with both ordinary 
light and polarized light.) 


August 8, 1933 


REGIONAL DIFFERENCES IN THE ORGANIZATION CENTER OF THE AMPHIBIAN 
Emesryo. Edmund K. Hall. (Published in Arch. f. entw. mech. d. organism., 127: 
573.) 


OBSERVATIONS ON MiGRATING CELLS IN CULTURES OF AMPHIBIAN TISSUES, 
PARTICULARLY WITH REFERENCE TO THE PROBLEM oF FIBER ForMATION. George 
A. Baitsell. 


Tue Errect or Wine Bup ExtTirPATIONS IN CHICK EMBRYOS ON THE DE- 
VELOPMENT OF THE Nervous System. V. Hamburger. 


Cotor CHANGES IN THE Docrisu. G. H. Parker. 


Tue ABssorPTION OF CoLLOIDAL CARBON BY THE MESONEPHRIC EPITHELIUM 
oF Necrurus. A. B. Dawson. 


MorPHOLOGICAL AND ELECTROPHORETIC EFFECTS OF THE GALVANIC CURRENT 
ON GRIFFITHSIA CELLS. Victor Schechter—The morphological polarity of Grif- 
fithsia is established very early. After many nuclear divisions the cell divides 
once to form the shoot, and again to form the rhizoid. By continued rapid 
division branching chains of cells are formed. The basal cells are attached by 
means of rhizoids. 

For the purpose of the experiments fragments of a thallus were placed in the 
experimental apparatus and oriented alternately with and against the current. 
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After two or three days of electrical treatment a very interesting picture could 
be seen. 

When the fragment was oriented with base toward the anode, the rhizoids orig- 
inated at the basal ends of the cells—that is, toward the anode, and the appearance 
of the completed thallus is more or less normal. However, if the fragment was 
oriented with the apex toward the anode, the rhizoids were again produced toward 
this pole and thus at the apical ends of the cells as shown. We have here a mor- 
phological indication of reversal of polarity. 

Accompanying the gross morphological effect just described are correlated 
intracellular phenomena of “unusual interest. First, there can usually be seen in 
the thallus as a whole a gradient of color ranging from a deep pink in the cells 
toward the cathode, more intense than the usual hue of the cells, to a pale tan 
in the cells toward the anode. A second intracellular effect is the aggregation 
of chromatophores and probably other cytoplasmic components toward the anode 
of each cell. It may be of significance in this connection that the first indication 
of rhizoid production under normal conditions is the formation of a visible pig- 
ment concentration, which then pushes out as the cap protoplasm of the rhizoid. 

With regard to the color changes observed, it must be of some significance 
that rhizoid formation is inhibited in the region which, by virtue of its position, 
assumes the pale tan color. A pH change may be involved. This is supported 
by the fact that in acid the cell pigment approximates the deep pink color ob- 
served toward the cathode of the electric field, whereas in alkali it becomes pale 
and finally greenish in hue. Other evidence indicates that the electrical effect 
on color is not due to the production of acid or alkali in the cells but rather to a 
migration of materials which themselves may produce relative acidity or alkalinity 
by derived differences in concentration. With high currents each cell soon be- 
comes deep pink toward the cathode and green toward the anode: If the current 
direction is now reversed, after a few minutes the colors reverse their position. 
Observations during the progress of this change show a fading of the pink at the 
anodal end before any pink color appears at the cathode. In this way there. is 
a slow shift of pink intensity from anode toward cathode, pointing to the prob- 
ability that the effect is not a pH change at the cell membrane. 

The possible integration of these morphological and intracellular effects 
must be delayed pending further data. I wish only to point out at this time the 
coexistence of the described intracellular effects with the determinative action of 
the electric current during regeneration. 


ELECTROKINETIC STUDIES OF MarInE Ova. I. ARBACIA PUNCTULATA. K. Dan. 
Jour. Cell. Comp. Physiol., Vol. 3, No. 4. 1933. 


ELECTRICAL ACTIVITY OF THE Brain. R. W. Gerard. 


August 15, 1933 


Tue IsoLaTION OF A CRYSTALLINE GLOBULIN FROM THE ALBUMIN FRACTION 
oF Cow’s Mizz. A. H. Palmer. 


StupIes IN Iron METABOLISM IN HumANsS. Paul Reznikoff. 


THe HormMoNAL CONNECTION BETWEEN THE PITUITARY AND THE THYROID. 
Marie Krogh. 


ANTERIOR PITUITARY-LIKE HoRMONE Errects. F. E. Chidester. 


August 22, 1933 


HETEROCHROMATIC RADIATION AND EARLY AMPHIBIAN DEVELOPMENT. R. 
Rugh.—This report deals with radiation by light within the limits of the solar 
spectrum of the gametes and early developmental stages of the frog. 

Distinction is made between luminous and energy intensities with the sugges- 


PRESENTED AT THE MARINE BIOLOGICAL LABORATORY 361 


tion that luminous flux is evaluated with reference to visual sensation and is limited 
to the total visible spectrum. It is not comparable to the objective physical entity 
of light energy measured as heat units. The two light factors controlled were 
light energy and wave length. 

Frog gametes and fertilized eggs without jelly show the same limits of tol- 
erance of direct sunlight. Since the pre-cleavage stages with jelly show much 
greater immunity to radiations than those without jelly, it is suggested that am- 
phibian jelly may not concentrate the solar radiations but act as an insulator against 
them. Since jelly is 78 per cent water, it is to be expected that it would absorb 
heat rays. 

An attempt was made to discover why monochromatic green has so often been 
reported as a lethal radiation, particularly in the work of Yung on tadpoles. A 
study of Yung’s procedure indicated that neither monochromatic light nor equal 
energy radiations were involved. With these factors controlled, the quality of 
light within the limits of the visible spectrum did not matter so long as the total 
energy was equalized. It was suggested that green may have been lethal in Yung’s 
work partly because he used plant food for the tadpoles and green plants cannot 
absorb green light, hence tadpole mortality was secondary to plant mortality. 

A suggestion is made that radiation work distinguish between such factors as 
ultra-violet and total radiation from an ultra-violet lamp; light energy and the 
limited factor of luminous intensity. 


A NOon-LINEAR RELATION BETWEEN BioLocicAL EFFect AND IONIZING POWER 
or Apia Rays. R. E. Zirkle. 


EFFECTS OF X-RAYS UPON CELL OxipaTIons. Leon C. Chesley. 


A RESPONSE OF ARBACIA Eccs To X-RAys. P. S. Henshaw and D. S. Francis. 
—Arbacia punctulata eggs when exposed to X-rays before fertilization are delayed 
in cleavage—that is, the interval between fertilization and the onset of the first 
cleavage is definitely prolonged. If the amount of radiation administered is varied, 
the amount of effect (cleavage delay) is found to vary in the same direction, indi- 
cating that the effect is a quantitative one. Further, if time is allowed to intervene 
between treatment and the measurement of effect (1.e., between treatment and fer- 
tilization), the effect is found to be less than when measured at once after treat- 
ment; in other words, recovery in some form or other takes place. By plotting the 
amount of effect against the time allowed for recovery, a die-away type of curve is 
obtained. This shows that the rate of recovery is rapid at first but becomes less 
as time for recovery increases. When various degrees of effect are produced and 
recovery considered in each case, a family of recovery curves is obtained which 
seem to bear a relationship to each other. By placing the experimental points for 
stich a set of data on a semi-logarithmic scale, parallel straight line curves are 
found to fit the points as well as any that can be drawn. This indicates that the 
rate of recovery is the same irrespective of the magnitude of effect produced and 
that the recovery process at least resembles a reaction which depends on the con- 
centration of some.substance—a mono-molecular reaction. Still further considera- 
tion shows that recovery is in progress even during treatment. From this it ap- 
pears that X-rays cause a slowing in the rate of cell division in case of the first 
cleavage in Arbacia eggs and that recovery from the effect begins as soon as any 
effect is produced. 


August 29, 1933 


Tue Coperop PLANKTON OF THE LAST CRUISE OF THE NON-MAGNETIC SHIP 
“CARNEGIE.” Charles B. Wilson. 


Tue PRESSURE COEFFICIENT OF VISCOSITY IN THE Eccs or ArpactA. Dugald 
E. S. Brown. 
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OBSERVATIONS ON Lactic Acip, ToTaAL COs, AND pH oF VENOUS BLOOD DURING 
RECOVERY FROM SEVERE Exercise. Edwin P. Laug. 


Eye CoLors IN THE Parasitic Wasp HABROBRACON AND THEIR BEHAVIOR IN 
Mosaics AND IN MuttreLe Recessives. Anna R. Whiting—Four independently 
segregating loci have been identified by recessive eye color mutations which are 
necessarily lighter than the black wild-type. The locus orange contains light-ocelli, 
dahlia, orange and ivory in order of decreasing pigmentation and dominance. 
White, in a second locus, is partially dominant to carrot. Cantaloup and maroon 
are independent. 

In males (from binucleate eggs of heterozygous mothers) mosaic for eye colors 
in the orange series there is no sharp line separating the genetically different re- 
gions. The recessive region shows more or less of the dominant character at the 
riargin, due apparently to diffusion of a chemi¢al substance caused by the dominant 
allelomorph. In contrast, eye mosaics involving the white and cantaloup loci show 
a clearcut line between genetically different tissues and each region is obviously 
autonomous. No mosaics for maroon have been found. Of special interest is the 
eye, mosaic for factors in two loci, such as cantaloup and ivory. The cantaloup 
non-ivory region is clearly marked off from the non-cantaloup ivory region, while 
the latter shows black at the margin grading through orange to ivory. Thus the 
double dominant black, comparable to the eye color of the heterozygous mother, is 
physiologically reconstituted although there is no genetically black tissue present. 
If eyes are genetically ivory but other tissue (gonads by breeding test) is black, 
the eyes may be uniformly orange. Thus tissues of insects are not necessarily 
autonomous as has been frequently assumed. 

Of the forty-eight combinations of eye color factors possible in haploid males, 
twenty-six have been made. Of these only nine are colored. It is probable that all 
other combinations would prove to be colorless. Intensity of color in a single 
mutant type appears to have little or no relation to its effect when in combination. 
Double recessives are lighter than the lighter single recessive. 


Tue MELANIN REACTION IN RACES OF DROSOPHILA MELANOGASTER. Marc 
A. Graubard. 


August 31, 1933 


HEMATOLOGICAL STUDIES IN DocFisH (MusTELUS cANiIS). I. THE EFFECT 
oF TURPENTINE ON THE Boop Picture. Paul Reznikoff and Dorothy G. Rezni- 
koff.—The average normal blood count of 25 dogfish per cu. mm. of blood was 
as follows: 


Hemoglobin (Sahli) 33 per cent; range (21-44) 
Red blood cells (Toissins) 393,000; range (210,000-630,000) 
White blood cells (Toissins) 97,000; range (60,000-178,000) 
Differential (supravital stain) 

Small lymphocytes 54 per cent; range (35-71) 

Large lymphocytes (granulocytes) 9 per cent; range (2-17) 

Thrombocytes 18 per cent; range (6-32) 

Eosinophiles 14 per cent; range (5-32) 

Pseudoeosinophiles 4 per cent; range (1-8) 

Monocytes 1 per cent; range (0-2) 


Frequent removal of blood from the heart (0.5 to 0.75 cc.) may or may not 
cause an anemia and a reduction in white blood cells depending, probably, upon 
the amount taken. The differential count remains unchanged. Injection of sterile 
water intraperitoneally has no effect upon the blood picture. 

Turpentine (0.25 to 1.5 cc.) injected intraperitoneally may or may not cause 
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some anemia but invariably causes a leukopenia with an increase of lymphocytes 
and a decrease of thrombocytes and eosinophiles. Just before death the thrombo- 
cytes may again rise. The following chart illustrates an example: 


Time of blood Hemo- R.B.C. | W.B.C. Small | Large | Thrombo- Pseudo-| Mono- 


examination globin lymph | lymph cytes Eosin eosin | cytes 
os [yi Beh See 
cent 
Before injection] 39 {359,000 |127,000| 37 9 20 32 1 1 
1 cc. turpentine injected intraperitoneally 
PZ RHS Suey bse: 35 |393,000 | 70,000) 79 3 13 4 1 0 
DATS ee aoe 25 |308,000 | 71,000} 71 9 12 5 3 0 
SOwTSia sks 12g 36 |432,000 |) 75,000| 80 4 11 4 1 0 


Fish dead 40 hours after injection 


An exudate of phagocytic lymphocytes and bacteria in the peritoneal cavity in 
the injected as well as the control fish is found after death. 

These experiments indicate that the lymphocyte is the actively responding ceil 
to acute irritation in the dogfish and has the same significance as the neutrophile 
(polymorphonuclear) in mammals. 


INTRACRANIAL PIGMENTATION IN TELEOSTS. W. H. F. Addison. 


THE Bioop CAPILLARY IN RELATION TO ConTRACTILITY. E. R. Clark and 
Eleanor Linton Clark—Federighi (1921), working under G. H. Parker, found in 
an invertebrate, Nereis virens, that the endothelial cells of certain blood-vessels 
possess a high degree of contractility; a peristaltic contraction which propels the 
contained blood. 

Studies by the authors (1925) have shown that the endothelial cells of blood 
capillaries in the transparent tails of larvee of several species of amphibians have 
a contractility which is decidedly less than that described for Nereis, but which is 
still a real activity which plays a part in controlling the circulation in the tail fins. 
No definite muscle cells are present on the arterioles or capillaries in this region, 
but extraendothelial cells are found which have been included by Vimtrup (1922) 
among cells which he calls “Rouget” cells, but which we have found non- 
contractile. , 

The morphology and behavior of blood capillaries in the rabbit’s ear have been 
studied in our laboratory for the past seven years, by the use of double-walled 
transparent chambers, in which the arterioles, capillaries, and venules, including 
the cells making up their walls, may be seen with the greatest clearness with the 
highest microscopic lenses. Both the original capillaries of the ear and newly 
fermed ones have been investigated, and it has been found by Sandison (1932) 
and by the authors in observations which have continued to date that the endo- 
thelial cells here are devoid of contractility, as are also the numerous “ Rouget ” 
cells. Local control of the circulation apparently resides exclusively in the arteries, 
arterioles, arterio-venous anastomoses and some of the larger veins, all of which 
are supplied with smooth muscle cells; their activity in turn depending upon an 
intact nerve supply. 

These three sets of observations on invertebrate, amphibian, and mammal sug- 
gest an evolutionary loss of endothelial contractility associated with the elabora- 
tion of the neuro-muscular apparatus. 
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STRIATED MUSCLES OF THE LAMELLIBRANCH MOLLUSC, PECTEN GIBBUS. Her- 
bert L. Eastlick—A cytological study of the anterior portion of the adductor of 
Pecten gibbus shows that this muscle is composed of definitely striated myofibrille, 
the fibrille varying in size from barely discernible strands up to fibers 6m in 
diameter. The segmented structure of the muscle is very apparent in both living 
and in fixed and stained preparations. A myofibril may be analyzed into the fol- 
lowing components which seem to be homologous with similar structures in verte- 
brate or other highly differentiated muscle: the (Q) disc or the anisotropic seg- 
ment, which is highly refractive and becomes intensely stained with hematoxylin; 
alternating with this disc is the (J) or the isotropic segment which is not very 
refractive and never stainable with hematoxylin. In the center of the (Q) disc 
there occurs a light area, the (HH) disc or the disc of Hensen. The (J) disc is 
bisected by the (Z) line or membrane which is often granular and irregular in 
outline. In late stages of contraction and in complete contraction, never in the 
relaxed state, one can discern that the (H) disc is bisected by an exceedingly nar- 
row line, the (M) membrane. 

The striated portion of the adductor of Pecten differs from ordinary segmented 
muscle in that the fibrille are not organized into definite fibers, a true sarcolemma 
being absent and its place taken by a ramification of connective tissue which di- 
vides the muscle into irregularly sized bundles. Furthermore, the (Z) membrane 
is not continuous transversely across a muscle bundle but is limited to each myo- 
fibril: hence there is no definite transverse orientation of the discs and membranes 
as is always the case in vertebrate muscle. 

Nuclei lie scattered at the inner surface of the connective tissue envelope sur- 
rounding a muscle bundle and in the interstices of the fibrille. The nuclei are 
spindle-shaped and in fixed preparations have an average size of 3 5mm. In the 
immediate area of a nucleus a clear, non-granular area of sarcoplasm occurs. 


Tue CENTRIOLES OF AMPHIBIAN Tissues. Arthur W. Pollister. 


THE CHROMIDIUM IN ARCELLA VULGARIS (EHRENBERG). Theodore G. Adams. 
—The investigation of the chromidium was made using the Feulgen reaction, 
Bauer’s modification of the Feulgen reaction, and the mitochondrial technique of 
Benda. 

In Arcella the Feulgen technique after the usual fixatives shows numerous 
granules of a deep purple color in the net. The network itself does not give the 
reaction. Methylene blue, Delafields’ and Heidenhein’s hematoxylin stain only 
the network leaving granules as clear discrete bodies. In a recent paper of Hans 
Bauer (1932), it is shown that chrome fixatives give better results with the Feulgen 
reaction that is a deeper color than when the aqueous solution of sublimate was 
used in Feulgen’s original paper. 

Bauer (1933), using the Schiff reagent, devised a test for polysaccharides. 
It consisted of chroming the tissue and applying the Schiff reagent without any 
hydrolysis at 60° C. He obtained reactions in the tissues of Lwmbricus sp., Helix 
pomatia, and Allium cepa respectively for glycogen, galactogen, starch tunicin, and 
fructose. Inulin, a polysaccharide, did not give the reaction so that it is to be con- 
sidered a presumptive test for a polysaccharide. In Arcella in the same clone the 
granules in the net gave a deep purple reaction to the foregoing test. No other 
structure in the cell gave the reaction. When the chroming process is supple- 
mented by osmic acid without fat solvents in large quantities, fats and fatty sub- 
stances such as Golgi material and mitochondria are preserved. These, according 
to Bauer (1933), react to the polysaccharide test when fixed in the forementioned 
manner. 

In Arcella after the Benda fixation, bodies in the cytoplasm larger than the 
chromidial granules in the net react to the Bauer test for polysaccharides, with the 
exception that they are reddish, not purple. Some are paired unequal in size, 
some are equal, some are single. Some lie close to the net and have the appearance 
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of secondary nuclei, some adhere to the nucleus, a phenomenon characteristic of the 
surface tension effects of fats. 

Animals from the same culture, previously examined for large granules in the 
cytoplasm, were fixed in a 4 per cent aqueous chromic acid and 20 per cent acetic 
and treated with Bauer’s technique. The granules in the net gave a purple reaction 
but there was no trace of any bead-like or paired granules outside the net. 

The living cells were stained vitally with Janus green B (Farbwerk Hoechst). 
It was difficult to see the characteristic color as differing from the original re- 
tractive index of the granules in the cytoplasm, outside the net. 

The Benda technique stained these paired granules and other large granules in 
the cytoplasm outside the net a purplish red. This indicates the mitochondrial na- 
ture of the granules. 

It may be concluded that the Bauer test is a presumptive test of a polysaccha- 
ride for the granules in the net of Arcella when fat solvents have removed fatty 
substances from the cell. 


SELECTIVE FERTILIZATION IN STYELA. Harold H. Plough—Morgan found 
that removal of the chorionic membrane with the test cells from the egg of Ciona 
made self-fertilization possible. He therefore concluded that there was no in- 
compatibility between eggs and sperm of the same animal. This conclusion might 
have been expected to hold for other tunicates showing self-sterility, but such is 
not the case. 

In Styela (Cynthia) partita not all animals are self-sterile, but the common 
result of a series of reciprocal crosses is a small number of selfed eggs and a 
large number of crossed eggs showing fertilization and development. Since 
Styela eggs can be secured in Jarge numbers only by allowing isolated animals 
to shed normally, all eggs are exposed to their own sperm before crosses are made. 
It turns out that with adequate controls the resultant exposure to a mixed sperm 
suspension in crosses is favorable for deciding the question of incompatibility 
of gametes. , 

During the past three summers Miss Evangeline Alderman and I have been 
studying this situation in Styela. It has been found that decrease or increase 
of the hydrogen ion concentration of the sea water, varying the salt content, intro- 
duction of Styela body fluid, and other changes in the normal optimum sea water 
only reduce fertility all along the line without any influence on self- or cross- 
fertility. Allowing the eggs to stand in sea water usually results in increased 
self-fertility and decreased cross fertility, until at the end of 3 or 4 hours ap- 
proximate equality is reached. 

Attempts to remove the chorionic membranes of Styela eggs by use of capil- 
lary pipettes have been uniformly unsuccessful. However, this result has been 
accomplished in about 20 per cent of cases by the use of crab digestive juice as 
suggested recently by Berrill (1932). There is always a general toxic effect 
when this fluid is used to digest off the membranes, but in the best cases many 
eggs develop. Strangely enough, removal or weakening of the membranes has no 
effect on the relation of self- and cross-fertility. The membranes appear to have 
nothing to do with the block to self-fertilization in Styela. 

Finally, examination of many stained sections of eggs fixed about three hours 
after the final sperm exposure gives a perfectly clear picture, since the sperms 
are relatively large. The selfed eggs have many sperm inside the membranes and 
test cells and in close contact with the egg cortex. Fertilization has not taken 
place, as shown by the presence of the intact first maturation metaphase. In the 
crosses, however, the sperm do penetrate, and the eggs go into cleavage. Thus 
self-sterility in Styela seems to be a true case of selective fertilization. 


RELATION OF TEMPERATURE AND CLEAVAGE IN Froac’s Eacs. Meyer Atlas. 


DISORIENTATIONS OF DEVELOPMENT IN CREPIDULA, CAUSED By Cop. E. G. 
Conklin. 
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CHANGES IN THE ArBACIA Ecc IMMEDIATELY FoLLowING FERTILIZATION, AS 
DETERMINED BY CENTRIFUGAL Force. Ethel Browne Harvey.—Arbacia eggs cen- 
trifuged 25-90 seconds after fertilization become more elongate and break into 
halves and quarters more readily (most batches) than unfertilized eggs. With 
very high speed (11,000 * gravity), they can be pulled apart before the elevation 
of the fertilization membrane, and the membrane may form subsequently over 
the parts, but is thinner over the centripetal poles. If centrifuged 144-5 minutes 
after fertilization, they break still more readily and into many small pieces. In 
some batches, the fertilized eggs break more readily at every stage after fertiliza- 
tion than the unfertilized. In other batches, they break more readily only till a 
certain stage which varies with the different batches. By observation of un- 
fertilized and fertilized eggs at the same time while rotating in the double-head 
centrifuge microscope devised by E. N. Harvey, it can be definitely determined 
that the fertilized eggs at all stages stratify less readily than the unfertilized and 
are therefore more viscous. The difference is slight in the early stages and be- 
comes more marked later on. The greater ease of breaking apart of the just 
fertilized egg must be connected with surface changes rather than with changes 
in viscosity. 


RECOVERY FROM X-RAY Errects IN ARBACIA EGGS BEFORE FERTILIZATION AND 
irs Errect on DrvetopMent. P. S. Henshaw and Dorothy S. Francis.—At a 
previous meeting we have described a response of Arbacia punctulata eggs to 
X-rays. The results presented showed that the period between fertilization and 
the onset of the first cleavage is definitely prolonged if the eggs are exposed before 
fertilization; and further, that recovery from this effect takes place if time is 
allowed to intervene between treatment and measurement of the effect (7.e. between 
the end of treatment and the moment of insemination). For this consideration, 
recovery was measured at once after the interval allowed for this process because 
cleavage time begins at the time of fertilization. More recently we have deter- 
mined the degree of development attained 48 hours after fertilization, in an attempt 
to find whether the recovery which took place before fertilization was in evidence 
at a later period. The results obtained showed that it is and in much the same 
way as when measured by the effect on cleavage time. The organisms which had 
had the least time for recovery were retarded the most in development and those 
which had had the most time for recovery were most advanced. A curve showing 
the rate of recovery, as measured by effects on development, resembled the one 
which was obtained by measuring the effects on cleavage time. Because of this 
similarity, it appears that whatever X-ray effect is present at the time of fertiliza- 
tion is fixed by fertilization and that no further recovery takes place—that is, as 
far as this particular irradiation effect is concerned. 


On THE RELATIVE SENSITIVITY oF ARBACIA Eccs AND SPERM TO VARIOUS 
Acmws AND Bases. Anna K. Keltch, Lucille Wade, and G. H. A. Clowes.—At 
last year’s meeting it was reported that Arbacia sperm appeared to be relatively 
resistant to butyric acid and sensitive to ammonia, whilst Arbacia eggs were rela- 
tively resistant to ammonia and sensitive to butyric acid. These experiments have 
been extended during this season to include a series of mineral and organic acids 
and bases and a series of alcohols. Exposures were made in isotonic saline, using 
concentrations of 1,000, 4,000 and 16,000 eggs per cc., and .004, .016 and .064 cc. 
concentrated sperm per cc. for periods of 144, 214, 5, and 10 minutes. 

The extent of survival was determined by returning eggs and sperm to sea 
water and fertilizing previously exposed eggs with normal sperm and using pre- 
viously exposed sperm for fertilization of normal eggs. The results previously 
reported with butyric acid and ammonia were confirmed. Hydrochloric acid was 
found to differ strikingly from butyric acid, being highly toxic for sperm as 
compared: with eggs. 

A rough index of relative texicity, obtained by dividing the concentration 
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required to exert a given toxic effect on the sperm by that required to exert a 
given toxic effect on the eggs, puts hydrochloric, caustic soda, ammonia, and the 
ethyl amines in a range of 0.2 to 0.1 or less; that is, they are from five to ten 
times as toxic for sperm as for eggs. Organic acids of the type of citric, tartaric, 
and oxalic fall in a range of 0.3 to 0.5, as does formic acid, but the subsequent 
members of the fatty acid series, acetic, propionic and valeric, also benzoic acid, 
fall in the same category as butyric with an index of 2 or more. Apparently weak 
organic acids possessed of a great capacity for cell penetration are relatively less 
toxic for sperm than for eggs. 

Preliminary tests conducted with ethyl, amyl, and octyl alcohols give them an 
index in the range of 0.3 to 0.5, thus apparently excluding surface tension as an 
important factor in the relative toxicity to sperm and eggs. 


VARIATIONS IN THE SENSITIVITY oF Eccs Fottowinc FErtitizATion. G. H. 
A. Clowes, Anna K. Keltch, and Lucille Wade—Using the procedure outlined in 
previous paper, sensitivity tests have been conducted on Arbacia eggs at five- 
minute intervals from fertilization to the third division. The curves have been 
compared with Heilbrunn’s viscosity curves and Fry’s description of egg develop- 
ment. As reported at last year’s meeting, butyric acid and ammonia, which pene- 
trate the egg easily, exert effects after fertilization to the point of fusion of egg 
and sperm nucleus differing strikingly from the effects which they exert on the 
unfertilized egg but corresponding approximately with that exerted on sperm, the 
ege during this period being relatively sensitive to ammonia and resistant to 
butyric acid. 

As development proceeds eggs become relatively less sensitive to ammonia and 
more sensitive to butyric. There are points of relative maximum sensitivity to 
ammonia which appear to fall in the lower zone of the viscosity curves and well- 
defined points of maximum sensitivity to butyric acid at points of maximum vis- 
cosity, viz., that following fusion of egg and sperm nucleus and those at which 
50 per cent of the eggs have divided. 

Oxalic acid differs strikingly from butyric acid, showing points of maximum 
sensitivity in the lower zone of the viscosity curves following the breakdown 
of the nuclear membrane, and resistance at the peaks of viscosity, suggesting the 
possibility that the calcium ion may play a role in connection with coagulative 
changes associated with spindle formation and cell division. 

Hypotonic NaCl, like butyric acid, exerts a maximum destructive effect at 
high viscosity points. The addition of calcium may eliminate the hypotonic effect 
at the high viscosity point following fusion of egg and sperm nucleus, and may 
reduce but not eliminate the point of maximum sensitivity when 50 per cent eggs 
have divided. 

The strikingly cyclic rhythms obtained with butyric acid and the somewhat 
less striking but divergent rhythms obtained with ammonia, which harmonize 
roughly with Heilbrunn’s viscosity curves and also with the periods of low in- 
tensity of staining of chromatin in the intact nucleus and high intensity of staining 
of the chromosomes during division, suggest that some type of acid basic cyclic 
rhythm plays a significant role in the mechanism of cell division. 


THe FLATTENING oF Marine Eccs UNDER THE INFLUENCE oF Gravity. E. 
Newton Harvey.—lf egg cells are considered drops of a non-miscible liquid in 
water, resting on a plane surface, they should flatten, provided the tension (T) 
at their surface is sufficiently low or the force [gravity < difference in density be- 
tween egg and medium, g (d-d’)] is sufficiently great, or their radius (7) is suf- 
ficiently large. Plasticity or elastic structure would act against flattening. Within 
limits the flattening, f, varies as r X Vg (d-d’)/VT. 

Previous experiments indicate that the tension at the surface of the cells is 
low—less than one dyne per cm. From Heydweiller’s tables and equation, it can 
be calculated that an egg whose tension at the surface is 0.2 dyne/cm. should not 
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flatten 10 per cent unless its radius is over 400. Since most marine eggs are 
smaller than this, we should not expect them to flatten appreciably unless T is 
very low. Observation from the side shows that “naked” eggs like Arbacia, 
Asterias, Echinarachnius, Ilyanassa, Crepidula plana, formcata or convexa, and 
Chetopterus are either perfectly spherical, or, if irregular, remain so, without 
flattening. Busycon eggs (1 mm. diameter) are of the consistency of putty and 
do flatten sufficiently to indicate a tension at the surface of less than 0.5 dyne/cm. 
Eggs with a definite chorion at the surface may be spherical (Phascolosoma), 
slightly flattened when shed (Nereis), or disc-shaped when shed (Arenicola). 
Such eggs merely fall on their flat side and the flattening has nothing to do with 
the action of gravity. 


Tue AcTION oF ANASTHETICS ON THE SURFACE PRECIPITATION REACTION. 
L. V. Heilbrunn. 


Tue EFrrect oF CERTAIN SALT SOLUTIONS ON THE PERMEABILITY OF THE AR- 
BACIA Ecc. Dorothy R. Stewart and M. H. Jacobs.—It is generally believed that 
the absence of bivalent cations such as Ca’ from the medium surrounding a cell 
may cause an increased permeability of the latter. Accurate quantitative studies 
of this effect have been made in the case of water by Lucké and McCutcheon, but 
are almost lacking in the case of solutes. A method developed by one of the 
authors permits the simultaneous determination of “‘ permeability constants” for 
water and for a penetrating solute. This method has been applied to the egg of 
Arbacia, using ethylene glycol as the penetrating solute, and comparing permeabil- 
ity in sea water, in isotonic solutions of NaCl, KCl, and CaCk, and in solutions 
containing various combinations of NaCl and CaCl The results on the permeabil- 
ity of the unfertilized egg to water are in satisfactory agreement with those which 
Lucké and McCutcheon obtained by an entirely different method. They indicate a 
considerably greater permeability in NaCl and in KCl than in sea water and in 
CaCl. Unlike the permeability of the cell to water, that to ethylene glycol is 
almost the same in sea water and in the various salt solutions. The addition of 
CaCl. in increasing amounts to NaCl causes a progressive decrease in permeability 
to water while leaving that to ethylene glycol practically unaltered. In striking 
contrast with the effects of changing the electrolytes in the external medium are 
those of fertilization, which causes a great increase in permeability not only to 
water but to ethylene glycol as well. The fact that one type of treatment of the 
Arbacia egg increases its permeability to both substances and another type of 
treatment increases its permeability to water alone is of interest in connection with 
certain theories as to the nature of cell permeability. 


Tue EFFectiveE PEriop IN DEVELOPMENT OF THE Mutant Factor “ EYELEss ” 
IN Hapropracon. B. R. Speicher—Eyeless wasps show malformed head capsules 
characterized by production of a pair of large lobes on the sides of the head which 
bear minute compound eyes at their tips. 

In wild-type wasps the dorsal part of the head capsule is formed by four imagi- 
nal buds, an anterior pair, the antenna-cephalic discs, forming the antenna and 
some hypodermis at their bases, and a posterior pair, the oculo-cephalic discs, 
forming the head capsule around and including the compound eyes and ocelli. 
These imaginal buds develop by invagination and separation from the larval hypo- 
dermis and proliferate within the larval head. 

In eyeless, the antenna-cephalic discs and the anterior and ventral margins of 
the oculo-cephalic discs develop normally. During the late larval stage the dorsal 
and posterior margins of the oculo-cephalic discs fail to separate from the larval 
hypodermis and, being thus restricted in development, grow outward to form the 
lobes characteristic of the mutant type. Later development is normal except for 
some modification by previous abnormality. T,he compound eyes are not close to 
the optic lobes, and there are no nerve connections between the two organs. 
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VARIEGATED EyE CoLor IN Hasropracon. Anna R. Whiting—When the semi- 
dominant factor shot-veins is combined with the factor for white eye color 
(whwh.svsv), all the white eyes show red spots in the posterior ventral region. 
If the white-eyed animal is heterozygous for shot-veins (whwh.Svsv), the spots 
are reduced in extent. The variegated effect is therefore semi-dominant in re- 
spect to non-variegated. Variegated stock is fully fertile and stable. White and 
shot-veins have been combined with other mutant eye factors. Variegation shows 
in no combinations except with three allelomorphs in the orange series; type (O), 
dahlia (o0*), and orange (0) and with the carrot allelomorph to white. Wh.sv.O 
is typical variegated, wh.sv.o" is light variegated, and wh.sv.o is very slightly 
variegated. White in combination with its allelomorph carrot and with shot-veins 
(whwh*.svsv) produces typical variegation pattern on a cream background; with 
heterozygous shot-veins (whwh*.Svsv) it gives slight variegation on cream back- 
ground. 

The dominance of shot-veins (and of its secondary effect, variegation) sug- 
gests that it is due to translocation but allows the possibility of its being a gene 
mutation. If due to translocation it must be stable since variegated is fully fertile 
even in haploid males and breeds true. Two suggestions are offered to explain 
the red spots. First: shot-veins factor or condition is associated with the constant 
habit of somatic mutation occurring at a definite stage in the development of the 
compound eye, such that only facets in the posterior ventral region are affected. 
Every eye is a mosaic (and a mosaic of rather constant pattern) according to this 
theory. Second: the shot-veins factor or condition has a spotting effect on the 
eyes when the residual heredity is such as to allow its expression and the cells ot 
the red region are of the same genetic constitution as those of the white. The sec- 
ond theory is preferred by the author. 


EGG-TRINUCLEARITY IN Hapropracon. P. W. Whiting.—It has hitherto been 
assumed that mosaic males in Habrobracon develop from binucleate eggs in which 
the two nuclei correspond to the second polar nucleus and the reduced egg, the 
genetic difference between them resulting from post-reduction of those factors for 
which the mother was heterozygous. Several cases have now been obtained indi- 
cating egg-trinuclearity. Thus three of the four possible combinations of two pairs 
of allelomorphs have been shown in various parts of the body of the mosaic. At 
least three odtids from one odcyte may therefore take part in parthenogenetic 
cleavage. Breeding tests have thus far shown not more than two of the possible 
combinations to be present in the sperm produced by the mosaic. 


RELATION BETWEEN OXYGEN TENSION AND RESPIRATION IN SPIROSTOMUM 
AMBIGUUM, WITH CORRECTIONS FOR AMMONIA. Heinz Specht.—The rate of con- 
sumption of oxygen and of production of carbon dioxide in the ciliate, Spirostomum 
ambiguum (Saars), was measured under normal, low, and high tensions of oxygen 
by means of the Barcroft manometer (Gerard’s modification, A. J. P., 1931) fol- 
lowing the technique of Warburg (Bioch. Z., 1923 et seq.) with HCl in an addi- 
tional chamber in the manometer vessel for the purpose of absorbing ammonia. 
Evidence is presented showing that ammonia is evolved, and that the correction for 
its evolution is essential in measuring the respiration of any tissue that produces 
it in appreciable quantities. 

In air the average rate of consumption of oxygen and production of carbon 
dioxide per hour per thousand animals is respectively 2.59 mm. + 0.41 mm.° and 
2.17 mm.* + 0.66 mm.* when the evolved ammonia is absorbed by HCl. Without 
the acid the values are respectively 2.10 mm.* + 0.9 mm® and 0.86 mm.* + 1.23 mm.’. 
In an atmosphere of nitrogen containing 0.5 per cent oxygen the average rate of 
consumption of oxygen and production of carbon dioxide per hour per thousand 
animals is respectively 1.86 mm.2+0.95 mm? and 2.53 mm2+0.81 mm.’ until 
disintegration of the animals sets in, then the values are respectively 0.07 mm.* 
+ 0.44 mm.* and 2.79 mm?+2.04 mm.*. Without HCl the values under these 
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conditions and over the same periods are respectively 0.76 mm.* + 0.28 mm.’, 0.76 
mm.* + 0.89 mm.*, and 0.74 mm.’ + 0.41 mm.’, 3.24 mm.2+ 1.06 mm.*. This slight 
rise in the rate of production of carbon dioxide after disintegration sets in indicates 
a process which is not necessarily life-supporting, 7.c., not anoxybiotic but simple 
anoxic. In a concentration of oxygen of about 100 per cent the average rate of 
consumption of oxygen and production of carbon dioxide per hour per thousand 
animals is 3.92 mm*®+0.79 mm. and 3.80 mm.2+0.14 mm. respectively. This 
high rate is accompanied by a progressive injury to the animals and rises bur 
slightly when they disintegrate. Spirostoma subjected to low tensions of oxygen 
for two hours and then furnished with oxygen at the normal tension exhibit a rise 
in the rate of respiration which approaches that in pure oxygen. 

Increasing the oxygen tension 5 times over the normal value in air causes an 
increase to 1.5-1.7 times normal respiration, while decreasing it 40 times under the 
normal tension causes a decrease in consumption of oxygen to 0.7 times the normal 
value and an increase in production of carbon dioxide to 1.17-1.29 times the normal 
value. 

It is concluded that the respiration of Spirostomum is nearly independent of 
oxygen tension down to very low values. 


LUMINESCENCE AND RESPIRATION OF BACTERIA IN Carson Monoxipe. C. S. 
Shoup.—Carbon monoxide inhibits the respiration of luminous bacteria, but pro- 
duces no significant loss of luminescence down to a decreased respiratory rate of 
only 45 per cent of an identical control suspension in N2-+ Oz instead of CO + O>. 
Luminescence and respiration are independent of each other in the presence of CO 
and low Os-pressures down to the point of dimming due to oxygen-lack alone (0.26 
per cent oxygen: Shoup, 1929). There is some evidence of a partial recovery from 
CO-narcosis. 


THE RELATION BETWEEN LUMINESCENCE AND RESPIRATION IN BACTERIA WITH 
EspecIAL REFERENCE TO THE Errects or Narcorics. G. Wellford Taylor—li 
bacterial luminescence were dependent upon respiration, variations in the respira- 
tory rate should be accompanied by similar variations in luminescence. This was 
not found to be the case in studying the effects of narcotics and certain other sub- 
stances. In this work marine luminous bacteria were used as their own indices of 
rate of oxygen consumption by means of the dimming method of Harvey. Lu- 
minous intensities were measured on a photometer bench. 

It was found that low concentrations of narcotic stimulated luminescence, 
higher concentrations produced reversible narcosis, while still higher concentrations 
caused irreversible changes. The same relation of effect to concentration holds 
for respiration but the concentrations are much higher than for luminescence, so 
that concentrations sufficient to markedly inhibit luminescence may stimulate respi- 
ration. In this way luminescence has been decreased 50 per cent while at the same 
time respiration increased 100 per cent. 

A further separation of the two processes has been effected with KCN, with 
which respiration has been reduced 60 per cent without decreasing luminescence. 

It has also been observed that when a fresh suspension of bacteria is allowed 
to stand, with aeration, its luminescence and respiration vary with time, but they 
do not vary together. The luminescence may increase 100 per cent without any 
increase in respiration; the respiration may decrease 45 per cent without affecting 
the luminescence. 

The amount of nutrient material in a suspension is an important factor in 
determining the narcotic effect of respiration. By controlling this factor the 
stimulation of respiration by a given concentration of narcotic has been varied 
from 3 to 100 per cent, the stimulation increasing as the amount of nutrient de- 
creased. This suggests that in addition to the stimulation of respiration per se, 
the narcotic may be used as food material by the bacteria. There is other evidence 
to support this view. 
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From these observations it appears that within wide limits luminescence is 
independent of respiration. 


NATURE OF THE AEROBIC APPARENT REDUCTION PoTeNTIAL. Lyle V. Beck. 


THE RELATIVE ABUNDANCE OF HyprocEeN Isotopes In SEA Water. Fric G. 
Ball_—The ratio H*: H* in Berkeley city water has been calculated by Lewis and 
Macdonald to be of the order 1: 6500. Bleakney and Gould have given the ratio 
in rain water as 1:5000. The apparent inability of living cells to utilize water 
composed of the heavier hydrogen isotope (Lewis) demands the investigation of 
water from other natural sources for variations in this ratio. It seemed possible 
that an increase in the concentration of the heavier hydrogen isotope might occur 
with increasing depths in the ocean. 

Two samples of sea water were employed. One sample, kindly supplied by 
Dr. A. C. Redfield, was collected in the Caribbean Sea at a depth of 4500-5000 
meters during a recent voyage of the “Atlantis.” The other sample was Woods 
Hole surface water. Distilled water was used for comparison. All samples were 
distilled five times from an all Pyrex still, freed from dissolved air, and the specific 
gravity determined in a 100 ml. pycnometer. The specific gravity of all three 
samples agreed within the experimental error of +5 10°. It therefore appears 
that the relative abundance of the hydrogen isotopes in sea water from the surface 
or from great depths is of the same order of magnitude as that previously reported 
for fresh water samples. 


Toxicity oF SOME METALS AND BERKEFELD FILTERED SEA WATER TO MyTILuUS 
EDULIS. Oscar W. Richards.—Three young (5-8 mm.) mussels were placed in a 
finger bowl with 100 ml. of sea water and the metal to be tested. The water was 
changed about every three days during the 41 days of the experiment and the tem- 
perature averaged 22° C. When an animal died it was replaced. In the follow- 
ing table of data the growth of the animals is expressed as a percentage of that of 
the control animals and the toxicity of the metals is given as the average time 
required to kill all three of the animals. 


Source Material Type Form | Growth ae Remarks 
per cent 
Controle Mas ohcaiachecenecemie staan — — — 100 1 = 
Newark Wire Cloth Co........... Monel — screen none 14 | Kills in 1-2 days 
Newark Wire Cloth Co........... Aluminium } pure screen 100 | none} No corrosion 
Newark Wire Cloth Co........... Seines KA2-S screen 106 1 | No corrosion 
stee 
Newark Wire Cloth Co........... Phosphor — screen none 9*| Kills in 20 hours. 
bronze Highly corroded 
International Nickel Co.......... Inconel (80% N strip 24 3 | Slightly corroded 
oe Cr. , 6% Fe) 
International Nickel Co.......... Nickel Finish No. 8 strip 30 4 | No corrosion 
International Nickel Co.......... Monel — strip none | 11 | Kills in 1-3 days 
JeBishopid Com senese eee eee Tantalum a spinnets 60 3 | No corrosion 
UE SHB SH ne Pe at ten he re we Nickel — wire 83 1 | No corrosion 
Precision Sci. Co................- Brass — clamp none 14 | Kills in 2-3 days. - 
holder Moderate corrosion 
HMisherisci4 Come e-eeeeeacceeee Castaloy — clamp none | 12 | Kills in 3-4 days. 


holder Highly corroded 


AAP Ewer etnia, Slebaieraorulens — — — none | 14 | Kills in 2-3 days 
50 ay "Berketeld filtered sea H2O 


+50 ml.seaH2O............. = o as ih AS 2 = 
75, ml. Berkefeld filtered sea H2O 
+ 25 ml.sea H2O............. — — — 1 4 = 


* Discontinued after 19 days. 
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Berkefeld filtered sea water is not satisfactory for the dilution of available 
food in sea water for Mytilus in growth studies. Aluminium is non-toxic but not 
strong enough for the construction of live boxes. Stainless steel and nickel, al- 
though somewhat more expensive than the usual asphalt-covered galvanized iron, 
are non-toxic and could be used for the screen covering of live boxes. However, 
the former will rust slightly at the water line when it is not completely immersed 
in sea water. 


Some New Aspects oF THE NERvE-MuscLE PHYSIOLOGY IN CRUSTACEA A3 
SHown BY TIME AND INTENSITY Factors IN ELECTRICAL EXCITATION AND RE- 
sponse. Herbert H. Jasper.*—Chronaxie values of 0.6 to 1.0¢ are obtained for 
the appearance of the first action potential in isolated claw nerves (crabs and 
lobsters). The apparent chronaxie, for a threshold (visible) contraction of the 
adductor claw muscle, ranges from 8 to 20¢. 

Nerve action potentials (with cathode ray oscillograph) show a rhythmic re- 
sponse to single constant current stimuli slightly above the intensity and time 
threshold for the appearance of a single wave. The frequency of nerve response 
(within certain intensity and time limits) is very regular for the complete dura- 
tion of the current flow and increases with intensity up to the limit imposed by 
the refractory period. Threshold muscle contractions are observed only with 
stimuli which elicit a certain number and frequency of nerve response which ex- 
plains the large discrepancies observed between nerve and muscle chronaxie meas- 
urements. The apparent “ chronaxie” of isolated nerve muscle approaches a 
“temps de sommation” and cannot be called a chronaxie. 

The experiments of Keith Lucas, which tended to show a slow and fast nerve- 
muscle system in Crustacea, have been repeated with most of the experimental 
facts being verified although extended in the light of the rhythmic response of the 
nerve to single stimuli and the consequent tetanic nature of muscle response 
which explain all the phenomena observed without the necessity of the hypothesis 
of a dual nerve-muscle mechanism. The slow and fast nerve action potentials 
found by Monnier and Dubuisson are probably due to the potentials from sensory 
and motor nerves and not to a double motor system since we have found that the 
slow wave is elicited upon sensory stimulation. 

It was found that adductor and abductor claw aaeeles as well as nipper and 
crusher muscles in the lobster differed in their speed of contraction with corre- 
sponding differences in summation time and frequency for fused tetanos. Since 
these differences in rapidity of excitation and response seem to be associated with 
histological differences in myomere size, we draw the conclusion that excitation and 
inhibition in crustacean muscle as well as speed of response is a function of the 
intensity and time characteristics of the end organs; the latter being qualitatively 
not unlike all other striated muscle if the experiments of Bremer on summation 
in frog muscle are taken into account. 


Tue Broop Pressure oF Limutus. Margaret Sumwalt and Kathryn McLane. 
—In the frontal artery of Limulus, close to its origin from the heart, the most 
frequently observed mean blood pressure is 16 cm. H.O. The range of all the 
variations observed among different individuals, or in the same individual with 
bouts of struggling, is included between 6 and 32 cm..H.O. The pulse rate is 
between 15 and 39 beats per minute, and appears to be correlated inversely with 
the mean pressure. 

The figures are based on study of 19 full grown unanesthetized males. An 
animal fresh from running sea water is tacked through the margin of the carapace 
to a board. Removal of a square inch of the shell (usually without hemorrhage) 
exposes the artery. A cannula filled with mineral oil connects the artery with a 
mercury manometer, the meniscus of which is photographed, and with a straight 
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erect oil manometer for calibration. (The ordinary anticoagulants are ineffective 
against the type of clotting which occurs in Limulus blood, whereas oil in the 
cannula does somewhat delay it.) The oil manometer is secondarily calibrated 
against a water manometer. Some of the data summarized above were obtained 
by direct observation of the oil manometer against a scale, some by analysis of 
photographic records. The error by either method does not exceed 2 cm. H.O. 

The observations were made as a contribution toward a knowledge of the com- 
parative physiology of water balance among the invertebrates. If the Starling 
hypothesis, which governs present ideas of water balance in the vertebrates, is also 
applicable to such of the invertebrates as possess a closed circulatory system, a 
direct relation should be found between the colloid osmotic pressure of their bloods 
and the systemic blood pressure. Very few measurements of either sort of pressure 
in an invertebrate are now on record. 


THE Errect oF pH upon Potassium PENETRATION INTO FuUNDULUsS EGcGs. 
John C. Bridges and Margaret Sumwalt.—Using standstill of the embryonic heart 
as a criterion for the presence of a definite concentration of K in the egg, we 
have found that increasing acidity, within the pH range down to about 3.6 where 
acid injury begins to occur, decreases the penetration of this cation. The time 
required to stop 50 per cent of the hearts with M/2 KCI is 60 minutes at pH 4, 
38 minutes at pH 5, 36 minutes at pH 6, and 34 minutes at pH 7. Unbuffered 
solutions were used. 

The results are interpreted to mean that acidity decreases the permeability of 
the egg to K. At least part of this increased permeability is believed to occur at 
the chorion. The relative rates of penetration of various ions through the chorion 
of the Fundulus egg have already been determined by the method of measuring 
potential differences. It appears that the chorion in neutral solutions is more per- 
meable for cations than for anions, but that with increasing acidity its ion favor- 
itism is gradually withdrawn and finally reversed. It would be interesting to know 
whether the withdrawal of membrane influence by acid permits an increased pene- 
tration of anions, or reduces the movement of cations, or does both to different 
extents; but the permeability of a membrane for ions in any absolute sense cannot 
be gauged by measurements of potential differences. For this particular cation, 
K, the present experiments indicate that acidity decreases the absolute penetration. 


A METHOD For FoLLowING VOLUME CHANGES oF CeLLs. Arthur K. Parpart. 


THE INFLUENCE OF pH UPON THE PASSAGE OF HEMOGLOBIN THROUGH THE 
GLOMERULUS OF THE PERFUSED Froc’s Kipney. William R. Amberson, Frank 
Engel, Dorothy Webster, and Edwin P. Laug—Hemoglobin in solution in the 
blood stream of vertebrates leaves fairly rapidly through several exits. Most of 
it is lost through the kidney, and its disappearance leads to the death of animals 
whose normal blood has been replaced by hemoglobin-Ringer, a solution containing 
a quantity of hemoglobin from hemolyzed beef blood cells. 

In an attempt to discover a method which may minimize or prevent the loss of 
hemoglobin into the urine, we have begun a study of various physico-chemical fac- 
tors involved in the glomerular elimination of hemoglobin, and are now able to 
report on the influence of the H-ion concentration. We have perfused the kidneys 
of large bull frogs through aortic cannulz, and have been able to secure readings 
relating the hemoglobin in the urine to that in the perfusion fluid over a pH range 
from 5.2 to 7.9. We find that hemoglobin passage is very much greater on the 
acid side of the isoelectric point of hemoglobin than on the alkaline side. The 
hemoglobin in the urine is about 10 per cent of that in the perfusion fluid, on the 
average, at pH 7.2 to 7.9, whereas it reaches about 30 per cent between pH 6.0 and 
6.6, and rises to as high as 70 per cent at more acid values. The effect is reversible. 
Thus a high hemoglobin may be obtained with a perfusion at a low pH, to be suc- 
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ceeded by a low amount at a more alkaline value, in the same kidney. We have 
been able to reverse the effect up to five times. 

We are inclined to explain the effect as being related to the charge of the hemo- 
globin ion, although a reversible change in the glomerular membranes is not ruled 
cut. It seems possible to us that, on the alkaline side of its isoelectric point, the 
negatively charged hemoglobin ion may find it relatively difficult to pass through 
negatively charged glomerular membranes, but may penetrate with ease when its 
charge is reversed. If this is correct it suggests that other factors than the large 
size of the protein ions are involved in their penetration through living membranes. 


Tue INFLUENCE OF THE ESCAPE OF SALTS ON THE OsMoTIC BEHAVIOR OF THE 
Eryturocyte. M. H. Jacobs and Arthur K. Parpart—Certain deviations of the 
behavior of the erythrocyte from that of a perfect osmometer have been explained 
by Ponder and his collaborators as being due to an escape of salts from the cell. 
While such an escape is probable in experiments of sufficiently long derivation, it 
is shown that the osmotic properties of the erythrocytes of the ox, as studied by 
the hemolysis method, do not seem to undergo an appreciable change in times 
shorter than several hours. More specifically, the degree of hemolysis produced 
by a given hypotonic NaCl solution is not decreased by a preliminary exposure of 
from a few seconds to two or three hours to a slightly less hypotonic solution, in 
itself just unable to cause hemolysis. An increased osmotic resistance, suggestive 
of the escape of salts, is, however, produced by longer exposures. The properties 
of the erythrocytes of the pig, the cat, the rabbit, and man change more rapidly and 
these cells are therefore less favorable for certain types of osmotic studies than those 
of the ox. 

In solutions of sucrose, either hypotonic or isotonic, there is a very rapid in- 
crease in the osmotic resistance of erythrocyte. This increase occurs in two stages: 
a very rapid one and a much slower one which follows the first after a considerable 
interval. While the slow change may well be associated with an escape of salts, 
the more rapid and more striking initial one is interpreted as the effect of an ionic 
exchange. In favor of this interpretation is not only the rapidity of the process 
but also its reversibility. The ionic exchange in question is believed to be one of 
anions from the cell for OH’ ions from the solution, the resulting increase in base 
bound by hemoglobin causing a decreased osmotic pressure within the cell. 
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RA ORE ROWiH AGE AY SEXUAL MATURITY, AND 
DURATION OF LIFE OF CERTAIN SESSILE 
ORGANISMS, AT WOODS HOLE, 
MASSACHUSETTS 


B. H. GRAVE 


Geer the Marine Biological Laboratory, Woods Hole, Mass., and DePauw University, 
Greencastle, Indiana) 


While studying the breeding habits and rate of development of 
Teredo the writer noted the very rapid growth of several sessile organ- 
isms, notably campanularian hydroids, Hydroides, Balanus, Botryllus, 
and Molgula which became attached to the wooden floats that were 
placed in the water in connection with the above study. No doubt the 
remarkably rapid growth of many animals of this sort has been ob- 
served by all who interest themselves in sea life. There are, however, 
comparatively few accurate data on the rate of development of these 

organisms and their age at sexual maturity. Studies of embryology 
have usually ended with organogeny rather than with life histories. 

Without definite data it would not have been suspected that num- 
erous organisms reach sexual maturity in three or four weeks or that 
the rate of multiplication and of growth is so remarkably rapid as it 
has proved to be. These facts contribute to an understanding of the 
sea as a reservoir of life and the methods by which this life is main- 
tained. 

In this paper the discussion of each species has been stated in the 
briefest possible form because we are here interested only in the out- 
standing facts of their life histories including the limits of the breeding 
seasons, rate of growth, duration of life, and number of generations per 
year. The study as a whole is intended to give a correct idea of the 
productivity of the organisms included. In this way a foundation is 
laid for an understanding of the interrelation of organisms and for 
greater accuracy in ecological or experimental studies. 

This investigation was done at the Marine Biological Laboratory at 
Woods Hole and has covered a period of approximately ten years. 


During two years observations and measurements were made during 
375 
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every month in the year. Aside from this the work was confined to 
the summer months. 

I wish to acknowledge my indebtedness to Dr. M. H. Jacobs, 
Director of the laboratory, and to the permanent staff for assistance 
and for facilities furnished during the course of the investigation. 


METHODS 


In studying the rate of growth of organisms certain materials and 
devices were finally selected to serve as places of attachment for sessile 
organisms. Among the most useful of these were wooden crosses con- 
structed of 2’ < 4’’ timber. These were placed in the Eel Pond and 
anchored to piles at dated intervals. The approximate date on which 
animals became attached could thus be known and the records of rate 
of growth kept with accuracy. The entire life history of individual 
animals could be followed or samples could be studied at intervals. 
Other materials that proved useful were 2’’ < 4’ stakes ten or twelve 
feet long, one end of which was sharpened and driven into the mud 
while the other was nailed to a pile at the surface of the water. These 
and lobster pots made of smaller timbers proved to be most useful for 
the study of Teredo, but they served also as places of attachment for 
several other animals. Shells of mollusks, small stones, and bricks 
were sunk in wooden cages to serve expecially as attaching material for 
Iydroides. Finally, small wooden frames with grooves for holding 
microscope slides or small wooden strips served as materials easily 
examined by the microscope. These last were particularly valuable in 
observing early stages of metamorphosis and growth. Most animals 
which attached to microscope slides grew normally, but more slowly 
than when they attached to other materials. The floating wooden 
crosses were by far the most useful for the study of hydroids, barnacles, 
Bryozoa, and Ascidia. The sunken timbers were for Teredo and the 
stones and shells for Hydroides. In the discussion which follows, 
frequent reference will be made to the floating wooden crosses con- 
structed as described above. 


COELENTERATA 


Most hydroids thrive best during spring and fall, although there 
are a few that do not reproduce until June. One or more of the four 
species studied were reproducing every month in the year at Woods 
Hole, with the possible exception of January. They, together with 
certain algae, remain active and growing throughout the winter and 
are clearly in healthiest condition while the water is cool. Although 
the growth of hydroids was comparatively slow during February, 
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March, and April, the colonies and individual polyps appeared to be 
particularly healthy. They were free from debris and bacterial growth 
which so completely smothers them during July and August in such 
situations as the Eel Pond. They harbored a few stalked diatoms 
which themselves were clean and apparently no detriment. Chief 
among the enemies of hydroids at this time, as mentioned also by Coe, 
are nudibranch mollusks which feed upon the exposed polyps. From 
the middle of July until the middle of August hydroids are gen- 
erally in very bad condition. The excessive growth of bacteria during 
the hottest part of the summer no doubt contributes to their hardships 
although they are distinctly cold water animals and are affected ad- 
versely by high temperature. 

Two of the species of Campanularia studied, C. flexuosa and C. 
calceolifera, reach sexual maturity in four weeks under the most 
favorable conditions. This is also true of Gonothyrea lovent. All of 
them, under usual conditions, are reproducing abundantly in five weeks. 
The largest species studied, Obelia commissuralis, grows rapidly for six 

‘to eight weeks before reproducing sexually. Its colony when fully 
grown is four to five inches in length and consists of hundreds of 
polyps in contrast to the smallest species which have from twenty to 
fifty polyps. They all reproduce most abundantly in April and May 
and continue with little check until the middle or end of June, when 
they seem to disintegrate and although some new colonies are initiated 
throughout the summer, they are all in poor physiological condition. 
Late September and October are also periods of rapid growth. As 
cold weather comes on the rate of growth is reduced but the polyps 
remain active and new colonies continue to be established. 

Although hydroids are not large animals they are so abundant that 
they foul all timbers at or near the surface during most of the year. 
Together with Bugula and Botryllus, which are abundant in summer 
and fall, they effectively cover all surfaces in a few weeks. 

The planula larvae of species studied swim for a few hours and then 
become attached. Under favorable conditions they develop into 
feeding polyps within twenty-four hours. At this time they are al- 
ready elongated and the hydrocaulus has a distinct perisarc including 
characteristic joints near the base. The rate of increase in growth of 
the colony varies with the species and with the temperature. In the 
following table the rate of growth of Obelia commissuralis is given. 
It shows that the number of polyps of the growing colony doubles 
every two or three days. After five days the first polyp which arises 
from the planula may have budded to a colony of five to seven feeding 
individuals, and in nine days there are twenty to forty polyps. The 
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colony consists of hundreds or even thousands of individuals before it 
becomes sexually mature. The polyps were not counted in any colony 
more than a month old when it measured three inches in height and 
consisted of more than five hundred individuals. 

So far as sexual reproduction is concerned, the smaller species 
proved to be actually more prolific than this species. They produce 
gonosomes early and the numbers of planuli produced by them during 
April and May is remarkably great. 

The normal duration of life of hydroids varies with the time of 
year, but very few colonies survive the summer. The old colonies are 
so rapidly replaced by younger ones that it has been a difficult, matter 
to get definite data in regard to length of life. It is certain that they 
live for several months unless difficult conditions arise. They cer- 
tainly do not survive for a year. The total amount of growth is, 
however, great in situations favorable to their development. 


TABLE I 


Rate of growth of Obelia commissuralis. The left-hand column gives the period 
of growth beginning with the attachment and metamorphosis of the planula. The 
column at the right indicates the year. All measurements are of actual colonies 
and are not averages. 


Period of Growth Age Height Colony Year 
mm. 

sumer 24 ee ene 0 day 35 X .10 Planula 1926 
June 24 to June 25...... 1 day soar 1 polyp 1926 
June 20 to June 25.....| 5 days 2 to 3 5 to 7 polyps 1932 
June 19 to June 27..... 8 days 8.5 to 10 | 28to 40 polyps 1931 
June 9 to June 18...... 9 days 14to17 | 26to 42 polyps 1931 
June 9 to June 19...... 10 days 15to17 | 50to 65 polyps 1931 
June 20 to June 30..... 10 days 19 to 20 | 55 to 65 polyps 1932 
June 9 to June 22...... 13 days 22 to 26 |140 to 160 polyps 1931 
June 10 to June 24..... 14 days 30 140 to 160 polyps 1932 
June 9 to June 27...... 18 days 55 to 57 |500 to 560 polyps 1931 
April 8 to May 18...... 40 days 45 to 50 1927 
ucla to Oct, Uva. 60 days 65 to 70 1926 
OctylOiteviany3e a. ..- 86 days 100 to 120 1926 
Jan. 1 to May 15....... 44 months | 50 to 55 1926 and 1927 
Sept. 20 to May 15..... Winter 55 to 65 1926 


CRUSTACE2—BALANUS EBERNEUS 


Of the several species of barnacles that occur at Woods Hole, 
Balanus eberneus is the only one which thrives in the Eel Pond, where 
this study has been conducted. 

The eggs are retained in a brood cavity during early development 
and the young issue as nauplius larve which swim actively. These 
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have a free-swimming period of approximately a week or ten days 
during which they moult several times and pass through the trans- 
formation stages known as nauplius, metanauplius, and cyprid. The 
cyprids finally settle upon solid objects such as stones, piles and wooden 
structures and metamorphose into the adult form. The present study 
is concerned principally with the breeding season and rate of growth 
from metamorphosis to adult size. My conclusions concerning the 
duration of the free-swimming nauplius are based upon the observa- 
tion that after the first appearance of swimming larve only a week 
elapses before metamorphosis and permanent attachment of the 
cyprids take place. 
TABLE II 


Rate of Growth of Balanus eberneus 


Period of growth Age Length | Breadth Year 
mm mm 

(ficlivy L)- oy {IN 2 Se ee 6 Ge eee 6 days 8 Hifi 1932 
ENUUGRS NSMHECG) TAHT AY OR eat ed le ac 9 days 2 1.7 | 1929 and 1932 
ijunervatomiuly Sie. essere. ss) oie 10 days 2.3 2. 1930 
Aiuiiyad neon fly 27s a ees Sevedcctos Oc 12 days 2.8 De) 1926 
Alavi con yuly 1 Snh erates eee oe 2: 14 days SE 2.8 1926 
PAUSE Ay TOMA Stl Ohy ceeded sire Se) a 14 days 3 3 1929 
juney2Z4 conulyalShss sce somes a): 16 days 4 3)5) 1930 
aitnliye2 Siow cel Dee ee ere la tet 18 days 5.2 4 1926 
iitilyealt Sato wig. 12 mci etre koe 28 days 7.4 6.5 1926 
lunes2 Oto mul. 22 Wei ase tae ses 32 days | 10 9 1932 
mem Zeton|iilys 20M eaten eens 5 32 days 9 8 1927 and 1931 
imlyalisrtar Aue e 20 yes se cee mae a 36 days | 10 9 1926 
NiumevAetowAUger Zeya tain aie yee at 36 days | 11 10 1930 
ume rl stol lye 22 eet ecu soe ero 38 days | 12 11 1932 
Iulby D ee AW Sie biotin os heb anise oe 44 days | 13 12 1927 
UES 2 WOE UID ES eaten wens cise es Ga 49 days} 15 14 1932 
Aiea Pi7p FOr AU Seal a apes Os race hne nts 49 days| 15 13 1926 
[mS BIC VAN Vins Sees eiee eer  cmee 54 days | 16 15 1930 
Menton Aig 20h eet cr ete aus 54 days | 17 16 1931 
|fMne 25 to Ame, Ze agcoscsccucooa dee 60 days | 15 14 * 1927 
[Wind ZS WO NUE Pec caposeoce wooo on 60 days | 14.5 25° 1925 
allyl tonSepey 20 air cnk oe uct cate 67 days | 17 13 1926 
unre: 2d), COASEpt efits 42 recone 76 days | 15 14 1927 
James ZO torSe pts Wi aos ps seiate sis ete seers 70 days | 19 16 1931 
rls eomyiullyal eye ee nets ve cao 1 year | 20.5 19.5 1927 
ius secon |rully ols ae ere ek ae l year | 18 16 1926 


* Sexually mature in 60 days and over. 


According to data collected over a period of years the first larvee 
of the season escape from the parent between June 7 and June 15. 
The first cyprids become permanently attached and metamorphose 
between June 15 to June 23. The first young barnacles appear visible 
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to the unaided eye between June 23 to July 4. Ten days after meta- 
morphosis the young barnacles measure 2 X 1.5 mm. and are readily 
seen upon the wooden floats used in this study. 

From the time the cyprid larva metamorphoses into the barnacle 
the growth is rapid as shown by Table II. Sexual maturity is reached 
in two months (60 days) and the first nauplius larve issue from young 
barnacles of the season between August 20 to August 25. For example, 
a float placed in the Eel Pond on June 23 had barnacles attached which 
extruded nauplius larvee on August 23. There are considerable num- 
bers of barnacle larve in the water from August 25 to October 1, but 
the fall breeding season amounts to little compared with the June and 
July breeding season of this species. 

Growth practically ceases late in October and is resumed the fol- 
lowing spring. 

At the end of one year this barnacle measures from 18 X 16 mm. to 
21 X 19 mm. depending upon conditions, including crowding. They 
apparently reach maturity during the second year. No individuals 
have been kept under observation for a longer period than one and 
one-third years. 

Although this species of barnacle breeds more or less all summer, 
the important part of the period of fouling extends from June 25 to 
July 25, or from June 25 to July 15. By far the greatest amount of 
fouling of timbers, therefore, occurs during a period of three weeks. 
Those attaching after July 25 are negligible. This was shown to be 
true also of a winter breeding species. The cyprids of Balanus balan- 
oides metamorphose in greatest numbers between February 15 and 
March 15, and although they continue to shed a few nauplius larve 
until May, the breeding season is mainly over in four weeks. 

In general, barnacles reach sexual maturity early and are short- 
lived as compared with many other crustaceans. 


ANNELIDS—HYDROIDES HEXAGONIS 


This species of annelid secretes a calcareous conical tube which 
adheres to shells of mollusks, stones, and wooden structures. 

The breeding season opens between June 10 and June 20 and closes 
between October 20 and November 1. The egg has an unusually 
heavy vitelline membrane. It measures from .067 to .072 mm. when 
fully mature. During the early part of the breeding season over fifty 
per cent of the spawned eggs are immature and undersize. Toward 
the end of the breeding season the eggs are all mature, indicating that 
the germinal epithelium is becoming inactive. Maturation of the egg 
does not take place until the spermatozoén enters. The germinal 
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vesicle measures half the diameter of the egg or (.03 mm.). The sexes 
are separate. To obtain eggs or sperm, it is advisable to remove the 
worms from their calcareous tubes and place them in dishes of sea 
water, one worm per dish. When so treated they always spawn im- 
mediately. The spermatozoa when first extruded are immobile but 
become slightly activated after remaining in sea water for approxi- 
mately half an hour. It is a relatively inactive sperm at best. After 
fertilization the egg develops within twenty hours into a spherical 
transparent trochophore larva, which swims for at least ten days 
before metamorphosis. 

It finally and gradually develops a slender worm body, settles and 
secretes a calcareous tube. After this the worm is immovably fixed to 
some supporting object. In studying the rate of growth the increase 
in the size of the worm tube is taken as the index of the growth of the 
worm. The shell, of course, grows and extends in length from its 
open mouth. It is not a difficult matter to study the growth of a 
single worm, but in practice the largest worms of certain ages were 
measured, and no attempt was made to record the growth rate of a 
single worm. The data for the several years of study is fully consistent 
except that the growth rate for the years 1924~25 is not equal to that 
observed during the past three years. 

Table III gives the approximate rate of growth after metamor- 


phosis. 
TABLE III 


Rate of Growth of Hydroides hexagonis 


Period of growth Age cee aud Year 
mm. 
PNR EO LOWAUG 22, Wich s Si yah dn veel 5 16 days USO 1931 
ily? OktomAuioe| Ohi een ern 21 days I <O) 1927 
Aficilya2 Oko Anioee Sie eee nee 25 days 1S) <8 1931 
Jiulhy 20 tt Ae 2AVescccsccsccsccuc 30 days AAD) S< Ne 1931 
INUGR Rt OUSE DE Om cies Sea ole te 33 days 13 xX 1 1931 
June ADO AUS Facoddcoucouucocuus 36 days BS) XK 2 1924 
hunes2vtovAusw Wl yn... eee. 44 days Sil << BP 1931 
[Win ZO AO Ta as pike he leo ale 49 days 45 X 2.3 1931 
Maine BA i@ Nae OE ae ae eee Seas oe 59 days 54 X 2.7* 1931 
Oe, WO tO MIEN Os G40 aedecaeeedadee Winter 5 X 1.1 1926 
ANie, AO) WO AWS, WWocsccecacogovede 1 year 66 X 3.0 1924 and 1925 
2 years 120 x 5 1927 


* Sexually mature in 59 days. 


The worm becomes sexually mature in seven or eight weeks after 
metamorphosis, and before it is nearly half grown. The first eggs from 
these young worms are spawned about August 20, and egg production 
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continues until about October 25 in both young and old worms. The 
larvee of this species are metamorphosing and worm tubes are being 
formed during the entire breeding season. The worm becomes fully 
grown in two years and probably does not live beyond that age. The 
tubes of the largest worms measure 12 cm. in length and 5 mm. in 
greatest diameter. A worm 10 cm. long and 4.5 mm. in widest di- 
ameter is a large worm and is nearly the average size at maturity. 
The largest of those kept for one full year measured 7 cm. in length and 
3 mm. in widest diameter, which may be considered average. It 
should be said that no worms were kept under observation for more 
than fifteen months. Because they have not attained full size in that 
time the impression was gained that individuals survive for two years 
and not much beyond that. Most of the worms ordinarily collected 
are only one year old. Comparatively few survive to reach the largest 


size recorded in Table IV. 
TABLE IV 


Rate of Growth of Botryllus gouldi 


Period of growth Age Size of colony .| Number of individuals of Year 
colony 
mm 

July 19 to July 22..... 3 days ? One gonozoid complete 1932 

July 19 to July 24..... 5 days 15 S< is) Gonozoid and first blas- 

tozoid complete and in- 

itiation of further bud- 
ding 1932 

July 19 to July 26..... 7 days 4x 4 4 to 5 complete individ- 

uals and initiation of 
further budding 1932 
July 19 to July 29..... 10 days <a 8to 10 individuals} 1931 
July 20 to July 31..... 11 days 6X 6 18 to 20 individuals} 1931 
July 20 to Aug. 3...... 14 days IO <7 30 to 45 individuals} 1931 
July 20 to Aug. 5..... 16 days 12 x 10 52 to 58 individuals} 1931 
Aug. 6 to Aug. 30..... 24 days 30 X 20 200 to 300 individuals 1927 
Aug. 6 to Sept. 6...... 30 days 50 X 30 1000 individuals 1927 
June 20 to July 20... .|30 days 90 x 50* 3000 individuals 1931 
Oct. 10 to Nov. 26....| Fall SX § 6to 8 individuals 1926 

Oct. 26 to Jan.3...... Fall SOS 6 to 10 individuals | 1926 and 
1927 
Oct. 26 to May 15..... Winter 1 S<¢ 50 to 75 individuals | 1926 and 
and 1927 
spring 


*Sexually mature in 30 days and above. 


ASCIDIANS—BOTRYLLUS GOULDII 


The compound ascidian Botryllus gouldit has proved to be ex- 
tremely variable in rate of growth. In compiling the table on rate of 


LIFE HISTORY SESSILE ORGANISMS, WOODS HOLE 383 


growth I have arbitrarily selected the figures which show the most 
rapid development observed in the eight years study. The data are 
taken mostly from observations of the same year. The table shows 
that the number of individuals of the growing colonies doubles every 
two or three days. Under favorable conditions a colony starting from 
a tadpole may consist of one or two thousand individuals in a month. 
The measurements as given are of representative colonies and not 
averages. 

During August and September all floating and slightly submerged 
structures may be completely covered by the colonies of this species 
Growth during the cooler months slows down to insignificant pro- 
portions. The breeding season begins sometimes as early as May 15 
or sometimes not until June 10. It continues until November 1. 
Boiryllus has a long breeding season, but is most prolific during July, 
August, and September. The colonies reach sexual maturity and 
extrude tadpoles in from 35 to 50 days after metamorphosis. A 
wooden float placed in the water on June 20, 1931 developed colonies 
from single tadpoles which measured 9 by 5 centimeters, containing 
3000 individuals on July 20. These colonies which were thirty days 
old contained mature eggs and on their thirty-fifth day, July 25, they 
extruded tadpoles. Another colony which developed on a float which 
was placed in Eel Pond on June 27 extruded swimming tadpoles on 
August 3. Another starting on May 15 became sexually mature on 
July 4. The species therefore reaches sexual maturity under the 
most favorable conditions in five weeks. Many large colonies survive 
and are active all winter, contracting perceptibly when stimulated. 
However, a large percentage must die during the winter because in the 
spring there are no such numbers surviving as covered piles and float- 
ing structures during late summer. The chief fouling of these timbers 
occurs from June until October, after which the rate of growth and of 
reproduction is greatly reduced or practically ceases. Growth re- 
vives in March and reproduction in May. A few individuals surviving 
the winter might literally populate to capacity the adjacent parts of 
the sea suitable to their existence before the next winter. In estab- 
lishing the colony the metamorphosing tadpole soon develops into a 
sessile individual, termed a gonozoid, similar to a minute molgula. 
The colony is then produced by characteristic and repeated budding, 
the details of which have recently been reinvestigated by Sister Flor- 
ence Marie Scott at Woods Hole (not yet published). 


MOLGULA MANHATENSIS 


The growth of the solitary ascidian, Molgula manhatensis, may be 
given briefly by way of comparison with the colonial form. The as- 
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cidia are hermaphroditic and the eggs of this species are laid and 
fertilized at night. They develop within twenty-four hours into swim- 
ming tadpoles which soon become permanently attached. The 
attached tadpole metamorphoses promptly into the adult form and 
rapid growth ensues. When the molgula is two weeks old the gonads 
are visible through the translucent test. At three weeks of age a few 
mature eggs are shed and a larger number at a month. Molgula 
manhatensis, therefore, under favorable conditions reaches sexual 
maturity in three weeks or a month, at which time it measures ap- 
proximately 10 X 8mm. Itspawns abundantly during its first season. 
A large specimen measures 23 X 22 mm., a size which may be attained 
before winter. To secure eggs, place sexually mature specimen in a 
dish of sea water and allow to stand undisturbed. Eggs will be shed 
normally during the evening. They may also be had at any time by 
dissecting the gonads of sexually mature specimens. 


BrRYOZOA—BUGULA FLABELLATA 


The numerous species of Bryozoa which occur along the Massachu- 
setts coast are similar in the rapidity with which they grow and come to 
sexual maturity. Several generations are produced every season. 

The breeding season of Bugula flabellata, taken as an example, 
opens between June 1 and June 15 and closes about November 15. 
With the exception of hydroids and possibly one or two ascidians, the 
Bryozoa are the only sessile animals that have been found breeding at 
Woods Hole after November 1. 

Most of the larger colonies of B. flabellata are killed during the 
winter but the small ones survive and the species is abundantly re- 
established in June. Sometimes the first new colonies are seen during 
the first week in June and sometimes not until the third week. Follow- 
ing a hard winter the breeding season opens late, which is correlated 
with the killing of the larger colonies. 

Colonies of Bugula flabellata which are established in June reach 
sexual maturity in one month and old age in three months. Those 
which are established during October may survive for ten months in- 
cluding the winter, which is a period of hibernation. The life history 
of this species, including a table on the rate of growth, has been pub- 
lished (Grave, B. H., 1930). The only alterations to be made in that 
account are that the first avicularium appears on young colonies of 
four functional individuals rather than later, and when the colony has 
grown to eight functional individuals there are avicularia on the second, 
third, and fourth members of the colony. As stated before, the first 
or attaching member of the colony never develops an avicularium. 
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The hold-fast very early becomes branching and stolon-like rather than 
disc-like as stated in that paper. 

The embryos of Bugula flabellata are developed in brood pouches 
or ovicells. The larvae are shed at dawn or early morning. 

To secure swimming larve several mature Bugula colonies should 
be collected late in the afternoon and placed in a dish of sea water. 
Larve escape from these colonies on the following morning, often by 
hundreds. After swimming from four to six hours they become at- 
tached and the colony rapidly develops. 


MOoLLuscA 


Observations on three species of mollusca, Teredo navalis, Cumingia 
tellinoides, and Chetopleura apiculata, form an integral part of this 
study, but in each case separate articles have been published, which 
give the life histories of these forms in detail (Grave, B. H., 1928 and 
1932). Mention should be made that Teredo navalis becomes sexually 
mature in two months and reaches adult size in one year: Cumingia 
tellinoides and Chetopleura apiculata become sexually mature in one 
year and reach adult size in four years. 


SUMMARY 


Although Balanus, Hydroides and Teredo become sexually mature 
and spawn during their first season when they are only two months 
old, they spawn most abundantly during their second season when they 
are one year of age. Each of them spawns several times during the 
second summer. 

Bugula, Botryllus and various hydroids, on the other hand, spawn 
principally before they are two months old and it is doubtful if they 
ever survive for a full year. Some of the most prolific animals seem 
not to live more than a year and they owe their great abundance to 
their production of several generations in a single summer. 

These characteristics of organisms in a measure account for the 
abundant life of the sea and of the rapid rehabilitation of certain species 
after depletion. Although the sessile animals studied do not survive 
for more than one or two years such animals as Cumingia, Chetopleura, 
and Ostrea often live from four to six years and spawn several times 
each year. 

The surprising discovery of this study was the great rapidity of 
growth and early sexual maturity of these organisms. 
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THE ACTION OF ERGOTAMINE ON THE CHROMATO- 
PHORES OF THE CATFISH (AMEIURUS NEBULOSUS) 


Z. M. BACQ! 
(From the Marine Biological Laboratory, Woods Hole, Mass.) 


It is a well-known fact that ergotamine paralyzes the action of 
adrenalin and the effects of sympathetic stimulation. But ergotamine 
has also a definite action on the denervated cells, and this action, as far 
as it has been investigated, is the same as that of adrenalin. Thus 
ergotamine, in the cat, increases the rate of the denervated heart 
(Cannon and Bacq, 1931), contracts the denervated nictitating mem- 
brane (Rosenblueth, 1932 and personal observations), contracts the 
retractor penis muscle (Bacq, 1933), excites the secretion of the dener- 
vated sweat glands (Fréhlich and Zak, 1932 ?), increases the blood pres- 
sure after complete sympathectomy (Bacq, Brouha, and Heymans, 
1932): 


I-Before ergotamine. I-After ergotamine. 


Fic. 1. Sketches of the tail of a catfish six days after cutting, before and after 
the injection of ergotamine. 


Adrenalin contracts the melanophores of the fishes, either in nor- 
mally innervated areas or in denervated regions. I found that ergo- 
tamine expands the chromatophores in the normal skin and contracts 
these cells when denervated. Catfishes (Ameiurus nebulosus) were 
kept in a white illuminated dish. A large cut was made in the tail 
according to the technique extensively used since Wyman (1924). A 
dark band due to the expansion of the chromatophores developed pos- 


1 Advanced Fellow of the C. R. B. Educational Foundation. 
2 These authors have found that adrenalin excites the secretion of the denervated 
sweat glands. I have been able to confirm their observations (Bacq, 1933). 
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terior to the cut. Six days after the operation, only the central por- 
tion of this band and a triangle at the posterior edge of the fin were » 
dark. At that time, 0.25 mg. of ergotamine tartrate (Gynergen 
Sandoz) injected in the muscles would evoke after ten to fifteen minutes 
a complete darkening of the animal with the exception of the dener- 
vated area of the tail which appeared perfectly light. The dark band 
and triangle were light colored and indistinguishable from the rest of 
the denervated area. This condition persisted for two or three hours 
(Fig. 1). 

These observations show that ergotamine expands the normally 
innervated chromatophores and that it contracts the same cells when 
denervated. This difference in reaction occurs also in the mammal. 
For instance, ergotamine decreases the blood pressure of the normal 
cat, but produces in this animal when sympathectomized a tremen- 
dous hypertension. This denervation of the smooth muscles of the 
arterioles shows a direct action of ergotamine on these cells. 


CONCLUSION 


Ergotamine expands the innervated chromatophores of the catfish 
and contracts the same cells when denervated. This effect on the 
innervated chromatophores is opposite to that of adrenalin, but the 
direct action of ergotamine and adrenalin on the denervated areas is 


similar. 
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EFFECTS OF CENTRIFUGAL FORCE ON FERTILIZED EGGS 
OF ARBACIA PUNCTULATA AS OBSERVED WITH 
THE CENTRIFUGE-MICROSCOPE 


ETHEL BROWNE HARVEY 


(From the Marine Biological Laboratory, Woods Hole, Mass., and the Biology Depart- 
ment, Princeton University) 


By means of the centrifuge-microscope of Harvey and Loomis 
(1930), it is possible to observe continuously the effects of centrifugal 
force on eggs at various stages of development, while they are being 
rotated. A striking difference in behavior of the fertilized and un- 
fertilized eggs of Arbacia is immediately apparent when studied in this 
way—a difference connected with changes in the elasticity of the 
fertilization membrane, in the egg surface, and in the viscosity of the 
egg itself. Behavior of the unfertilized eggs has been previously de- 
scribed (E. B. Harvey, 1932, 1933), and this paper presents the phe- 
nomena to be observed after fertilization. “The experiments were per- 
formed at a temperature of approximately 23° C. Observations have 
also been made on eggs centrifuged in tubes where higher speeds could 
be obtained. 

FERTILIZED EGGs 

‘When Arbacia eggs are fertilized and placed as quickly as possible 
(30-90 seconds) in the special slide for the centrifuge-microscope (or 
in tubes), above a layer of 0.95 molal sucrose solution (which keeps 
them suspended) and subjected to a centrifugal force of 5000 times 
gravity, they break apart very readily into halves and quarters (Photo- 
graph 1). If broken apart (in tubes at 11,000 times gravity) before 
the elevation of the fertilization membrane, this membrane may sub- 
sequently form over each part, but is thinner (ruptures more easily) 
over the centripetal pole of the part; it is also thinner over the oil cap 
of the elongate whole egg. These parts are similar to those from un- 
fertilized eggs (E. B. Harvey, 1932), but in most batches of eggs the 
elongation of the egg is greater and the halves and quarters are pro- 
duced much more rapidly, as shown by comparison with a control 
unfertilized lot centrifuged at the same time (Photograph 2). This 
must be due to a decrease in the tension of the surface and not to a 
decrease in the viscosity of the egg protoplasm, since the fertilized eggs 
at this stage and at every other stage stratify less rapidly than unfertilized 


eggs. This fact can be very accurately determined by observation of 
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the two sets of eggs at the same time while rotating, in the special 
double-head centrifuge-microscope devised by E. N. Harvey (1933). 
The difference in stratifying between unfertilized eggs and eggs im- 
mediately or shortly after fertilization is very slight, but becomes very 
marked in later stages, as observed by Heilbrunn (1915, 1928) and 
Chambers (1919). 

For about five minutes after fertilization, the fertilization mem- 
brane, which appears one and one-half to two minutes after insemina- 
tion, is easily broken by the centrifugal force; and during this period 
(one and one-half to five minutes after fertilization) the eggs break 
very readily into many small pieces (Photograph 3 as contrasted with 
the unfertilized control in Photograph 2). Here again the viscosity 
as determined by stratification is less in the unfertilized egg. 

After five minutes the fertilization membrane becomes so tough 
that it does not stretch and permit the eggs to elongate and break apart. 
It is possible, however, to remove the fertilization membranes as soon 
as they are formed by shaking the eggs quite violently for a moment. 
When the eggs from which membranes have been removed are centri- 
fuged from five to twenty minutes after fertilization, during the mon- 
aster stage, they stretch out enormously, forming long streamers con- 
necting clear and yolk portions of the egg. They stretch the whole 
length of the field, sometimes becoming ten times as long as the original 
diameter of the egg (Photograph 4). When these streamers break, 
they form beaded chains which retract into tails. If the centrifuge is 


PLATE I 


PHotoGRAPH 1. Fertilized eggs centrifuged 30 seconds after fertilization; note 
greater elongation of yolks and greater number of eggs pulled apart as compared 
with the control unfertilized eggs centrifuged at the same time (Photograph 2). 

PHOTOGRAPH 2. Control unfertilized eggs centrifuged at same time and rate 
as Photographs 1 and 3. 

PHOTOGRAPH 3. Fertilized eggs centrifuged 4 minutes after fertilization. Note 
eggs broken into many small pieces and compare with control unfertilized eggs of 
Photograph 2. 

PHoToGRAPH 4. Eggs centrifuged 12 minutes after fertilization for 8 minutes; 
fertilization membranes previously removed, except for a few eggs which may be 
observed still nearly spherical. Photograph taken while rotating in centrifuge- 
microscope. 

PHOTOGRAPHS 5 and 6. Retraction of eggs with slowing down of centrifuge; 
eggs centrifuged 10 minutes after fertilization; Photograph 5 taken 6 minutes later 
at high speed; then speed lowered and Photograph 6 taken 6 minutes later, same 
eggs. Note shortening and bending at bottom in Photograph 6. 

PHoroGRAPH 7. Eggs centrifuged 20 minutes after fertilization. Picture taken 
12 minutes later while rotating. Elongate dumb-bells. 

PHOTOGRAPH 8. Eggs cleaving while being rotated in centrifuge. Eggs (mem- 
branes not removed) rotated 3 minutes after fertilization at high speed (5000 X grav- 
ity) for 15 minutes, then low speed (2500 X gravity) for 1 hour. Photograph taken 
while rotating. 
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slowed down at the stage of the long streamers, these contract and 
bend at the bottom, being evidently quite elastic (Photographs 5 and 
6, same eggs). On increasing the speed, they again elongate slightly. 
If the centrifugal force is removed during the streamer stage, the greatly 
stretched eggs may contract into spheres or they may break in one or 
many places and these pieces become spherical. The formation of long 
streamers cannot be connected with the ectoplasmic layer since this is 
thrown off to the centrifugal pole as a crescent, easily seen on eggs with 
broken fertilization membranes—a phenomenon to be described in 
detail in a later paper. 

After about 20 minutes after fertilization, during the streak stage, © 
the eggs when centrifuged form shorter streamers or become elongate 
dumb-bells (Photograph 7) and break apart less and less readily as the 
interval after insemination increases. In some batches of eggs, the 
fertilized eggs break apart at all stages (provided the fertilization mem- 
branes have been removed) more readily than the unfertilized. In 
other batches they break apart less readily in later stages, or do not 
elongate much or break apart at all with the same centrifugal force. 
The stage at which the fertilized eggs break less rapidly than the 
unfertilized differs in different batches. This resistance to breaking 
can be overcome by keeping the eggs after removal of the membranes 
in calcium-free sea water. They then elongate when centrifuged and 
break apart readily at any stage up to cleavage. No difference in 
viscosity could be detected in (unfertilized) eggs kept in artificial sea 
water without calcium (brought to the same pH as sea water by the 
addition of sodium bicarbonate) and those kept in similar artificial sea 
water with calcium; a comparison was made of the rate of stratification 
in these solutions with the double-head centrifuge-microscope. The 
effect of the calcium-free sea water must therefore be a surface effect, 
as might be expected from its well-known influence on the ectoplasmic 
layer, causing its disintegration and the falling apart of blastomeres 
(Herbst, 1900). 

The general striking differences in behavior of the fertilized (in 


PLATE II 


PHOTOGRAPH 9. Eggs centrifuged slowly (2500 X gravity) while fertilization 
membrane was being formed; two spheres inside membrane (lower left center egg). 
Photograph taken while rotating in centrifuge-microscope. 

PHoToGRAPH 10. Same removed from centrifuge-microscope. White sphere 
of upper egg has cleaved. 

PHOTOGRAPH 11. Same. Development of white sphere, no development of 
red. 

PHOTOGRAPH 12. Same. Development of both spheres. 

PHOTOGRAPHS 13-16 (same egg). Same. Fusion of two spheres at first (Photo- 
graph 13) well separated within fertilization membrane. 
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various stages) and unfertilized eggs of Arbacia must be due primarily 
to surface changes. The more rapid breaking of the just fertilized 
eggs when centrifuged in spite of increased viscosity must be due to a 
decrease in surface forces. Cole and Michaelis (1932) have measured 
the surface forces of unfertilized and fertilized Arbacia eggs, but not 
during the period soon after fertilization when the breaking is most 
rapid; they found in fertilized eggs without fertilization membranes 
that there was no increase in surface forces until shortly before cleav- 
age—a period when the eggs have become more difficult to break 
apart. At this stage it is possible that the great increase in viscosity 
may also be involved in the more difficult pulling apart. The great 
elasticity of the eggs at the streamer stage must also be connected with 
surface changes. Surface changes upon fertilization are indicated in 
the normal egg by the formation of the fertilization membrane and of 
the ectoplasmic layer, and the change in position of the pigment 
granules. 

It is possible to break the egg apart into two spheres inside the 
fertilization membrane (Photographs 9, 10, 13); this is done by centri- 
fuging the eggs immediately after fertilization but more slowly, with a 
force of 2500 times gravity. The fertilization membrane is frequently 
much stretched—from a diameter of 82 u to a length of 128 yw. If the 
centrifugal force is now removed, either (1) the stretched membrane 
contracts, and the two spheres are brought into contact and gradually 
coalesce (Photographs 13-16, showing stages in complete coalescence) 
or (2) the two spheres remain separate and develop separately (Photo- 
graphs 10-12). Since the sperm may enter the egg at any point, it 
may be in either sphere at the time of breaking apart. If the sperm 
is in the white sphere, it cleaves, and the red sphere, lacking any 
nucleus, does not develop (Photographs 10, 11). If the sperm is in 
the red sphere, both the half eggs may develop, one (the white) having 
the female nucleus only, the other (the red) the male nucleus (Photo- 
graph 12). The white sphere, however, sometimes does not develop 
when the red sphere does; in this case presumably artificial partheno- 
genesis is not initiated in the white sphere by the sperm before its segre- 
gation in the red sphere. 


PARTHENOGENETIC EGGS 


Having found that fertilized and unfertilized eggs react quite differ- 
ently to centrifugal force, observations were made on parthenogenetic 
eggs. Unfertilized eggs were started to develop parthenogenetically 
by treating them for a few seconds with distilled water; by this method, 
they develop only up to first cleavage. When placed immediately 
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after treatment in the centrifuge slide, they broke apart very readily 
at high speed. With low speed, acting while the (fertilization) mem- 
brane was being raised, the membrane was observed to be stretched 
and the egg broke into two spheres within the membrane; these two 
spheres sometimes remained separate and sometimes coalesced on 
retraction of the membrane when removed from the centrifuge. If the 
membranes were removed by violent shaking as soon as formed, the 
parthenogenetic eggs behaved exactly like the fertilized eggs, forming 
long streamers from five to twenty minutes after treatment, and then 
becoming more resistant to elongation and breaking. This could be 
overcome by keeping the eggs previously in calcium-free sea water. 
Parthenogenetic eggs act, therefore, in every way and at every stage 
up to the first cleavage exactly like fertilized eggs. 


CLEAVAGE DURING ROTATION 


When fertilized eggs are put in the centrifuge-microscope 45 
minutes after fertilization and centrifuged continuously, cleavage 
comes in, even with a centrifugal force of 5000 times gravity, about 
20 minutes after the uncentrifuged control. Another set of eggs was 
rotated at high speed (5000 times gravity) for 15 minutes immediately 
after fertilization, and then at a lower speed (about 2500 times gravity) 
for an hour, when cleavage took place while rotating (Photograph 8). 
In all cases observed, the cleavage plane came through the oil cap and 
divided the egg along its long axis. It is an interesting fact that an 
egg can pass through all the complicated processes connected with 
fertilization and cleavage while being rotated at high speed (5000 
times a minute). 

SUMMARY 


1. Arbacia eggs centrifuged immediately (30-90 seconds) after 
fertilization become more elongate dumb-bells and break into halves 
and quarters more readily (most batches) than unfertilized eggs. 

2. If centrifuged one and one-half to five minutes after fertiliza- 
tion, they break still more readily into many small pieces. 

3. If centrifuged five to twenty minutes after fertilization (fertiliza- 
tion membranes previously removed), they form long streamers which 
break along their course. After twenty minutes, they elongate and 
break less and less readily. Treatment with calcium-free sea water 
makes them break more readily. 

4. Some batches of eggs break more readily at every stage after 
fertilization than unfertilized eggs. Other batches break more readily 
only up to a certain stage, then less readily, the stage varying with 
different batches. 


396 ETHEL BROWNE HARVEY 


5. Fertilized eggs at all stages stratify less readily (that is, are more 
viscous) than unfertilized. The greater ease of breaking must there- 
fore be due primarily to surface changes. 

6. If centrifuged slowly while the fertilization membrane is being 
formed, this may be stretched and the egg pulled apart inside the 
membrane. The two parts may develop separately, either one or 
both according to the location of the sperm; or they may fuse together. 

7. Parthenogenetic eggs at all stages up to cleavage act exactly 
like fertilized eggs. 

8. Eggs may cleave even while being rotated at high speed (5000 
times gravity); the cleavage plane passes through the oil cap and 
elongated axis of the cell. 
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ARSENIC IN SEA WATER 


NORRIS W. RAKESTRAW AND FRANK B. LUTZ 


From THE Woops HoLE OCEANOGRAPHIC INSTITUTION ! 


Interest in the occurrence and quantity of arsenic in sea water 
centers chiefly around its relation to phosphorus: first, the possibility 
of its utilization by diatoms or other organisms, in place of or in addi- 
tion to phosphorus; and second, the possible interference of arsenate in 
the regular routine determination of phosphate so frequently carried 
out upon sea water samples. 

Arsenic has long been known to occur in the sea. Quantitative 
determinations by Gautier (1), and others (2), using laborious methods, 
indicated its presence in amounts of the order of 10-100 milligrams per 
cubic meter. 

Gautier found that in surface water (from near the coast of Brit- 
tany) containing 10 mg./m.* of total arsenic, 90 per cent was present 
in inorganic form. At one deep-sea station he found 25 mg./m.* of As 
at a depth of 10 meters, 10 mg. at 1335 m., and 80 mg. at 5943 m. He 
was inclined to attribute the high value at the bottom to volcanic 
influences and the moderately high value in the upper level to some 
factor associated with diatom growth. Others, following these limited 
results, have regularly assumed an increase of arsenic with depth. 

Chapman (3), while studying the arsenic content of shell-fish and 
other marine organisms, made sixteen determinations on sea water 
samples from near the Nore Lightship. He reports 0.14 to 1.0 parts 
per million, with an average of 0.33; 2.e., more than 300 mg./m.?! 

Atkins and Wilson (4), in a study of the methods for the determina- 
tion of phosphate, silicate, and arsenic, have shown good reason for 
assuming that while arsenate interferes in the colorimetric estimation 
of phosphate by producing a similar color, arsenite is without effect; 
furthermore, that since total As is frequently in larger amounts than 
the colorimetric method indicates phosphate, most of the arsenic in 
sea water must be present in some other form, presumably arsenite. 

It has been reported, on the basis of culture experiments, that ar- 
senate can substitute for phosphate, to a certain extent, as a require- 
ment for the growth of diatoms, but it is unknown to what extent this 
actually takes place in the sea. 


1 Contribution No. 29. 
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Data on the total arsenic content of sea water have been very 
scarce, and since no application seems to have been made of the 
Gutzeit method, the superiority of which over the older Marsh method 
has been frequently demonstrated, the present authors undertook to 
apply the more recent procedure to a number of sea water samples. 

These were obtained during the summer of 1932 in the course of 
the regular collecting cruises of the vessels, ‘‘ Atlantis’’ and “‘ Asterias,”’ 
of the Woods Hole Oceanographic Institution, from a number of in- 
shore stations in the Gulf of Maine, to the south of Martha’s Vineyard, 
off the entrance to New York Harbor, etc. In addition, two deep-sea 
stations are listed in the tables, No. 1349, at 38° 58’ N., 64° 30’ W., 
and No. 1370, at 35° 55’ N., 72° 46’ W. 


SABE EEL 


Data on Concentration of Arsenic in Sea Water Taken at Different Depths at Various 
Stations 


Gulf of Maine 


Station Depth As Station Depth As Station Depth | As 
m mg./m.3 m mg./m.3 m mg./m.3 
P-1 0 7 H-8 0 17 1333 0 15 
60 15 10 22 9 15 
F-15 0 10 20 12 17 22 
10 17 30 13 26 13 
50 21 50 10 35 16 
75 15 75 15 44 16 
100 10 100 17 52 13 
G-12 0 9 160 18 65 16 
10 id 1329 0 9 87 1 
30 11 10 11 186 16 
50 10 20 12 1339 0 9 
75 15 30 10 10 11 
105 6 40 29 20 10 
G-11 0 9 50 il 30 10 
10 10 60 14 40 7 
20 14 75 11 50 10 
30 12 100 17 60 10 
50 24 240 20 1337 0 15 
75 13 1331 0 il'7/ 10 12 
110 10 10 18 20 10 
H-3 0 17 19 20 30 10 
10 16 29 15 40 13 
20 16 39 15 50 10 
30 14 48 11 60 11 
50 16 58 16 
75 (28) 72 18 
100 10 97 18 
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TABLE I—Continued 


N.E. of Cape Cod South of aa Vineyard pear cree 
(cont.) 
Station Depth As 
mM. mg./m.3 Station Depth As Station Depth As 
B’-5 10 20 mM mg./m.3 mM. mg./m.3 
a a A-25 0 10 1349 | 1200 18 
B20 0 18 10 11 1600 20 
% ; oo 20 21 2000 15 
a a 30 7 2500 16 
; : ee 40 10 3000 20 
4 50 10 4000 15 
| A-28 0 11 
Off Entrance of N. Y. Harbor 10 21 
Long. 35° 55’ N. 
—————E—————————————— 20 14 Lat. 72° 46’ W. 
Station Depth As 30 21 
mM. mg./m.3 es on Station Depth As 
1297 0 9 57 10 7 eles 
60 22 
1370 0 54 
1298 0 16 
70 26 L 38° 58’ N a0 oe 
Lat. 64° 30’ W. 100 21 
200 20 
Soiinot Maries Wineaval | on. june =) un 400 20 
Station Depth As 600 DY 
Station Depth As mM. mg./m.3 800 (31) 
A-4 0 10 200 17 1600 17 
10 17 300 12 2000 16 
15 4 400 20 2500 15 
A-8 0 14 600 12 3000 13 
10 14 800 16 
20 17 1000 17 
26 8 


The Gutzeit method (5), as now commonly employed in the analy- 
sis of foods etc., was used without serious modification, concentrating 
100 cc. of the water to small volume before use. The length of the 
stain on the HgBr2-paper was compared for each sample with those 
resulting from standard solutions of arsenic. The results, with descrip- 
tions of the stations and the depths in meters from which the samples 
were taken, are given in the tables. Figures indicate milligrams of 
arsenic per cubic meter of water, 7.e., parts per billion. 

The results from Station K-2, in Buzzards Bay, represent a series 
of samples taken successively from the same station over a period of 
several hours and afford, perhaps, a fair indication of the accuracy of 
the method. Only one variation of more than 6 mg./m.* is found at 
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corresponding depths, and this range must include not only experi- 
mental errors but also any actual variation in the water during the 
time. 

In the case of the shallow stations there seems to be a distinct 
tendency for an increase in arsenic a short distance below the surface, 
usually with a decrease again at greater depths. This tendency is 
far from consistent, however, which is to be expected if it is associated 
with the variable conditions of the phytoplankton, or diatoms, from 
one station to another. 

The two deep stations present a different problem, with their un- 
usually high surface values, which may, perhaps, be purely accidental. 
But, more important, there is no regular or significant increase of 
arsenic with depth. Contrasting this with the case of phosphorus, 
which, at such a station, would show a ten-fold increase, at least, be- 
tween the surface and bottom, shows that the two elements are utilized 
in very different manner. 


TaB_eE II 
Data on Concentration of Arsenic at Station K-2 in Buzzards Bay at Different Times 
of Day 
Time 
Depth 
6:25 9:31 IDE Si 3:43 6:49 
A.M A.M P.M. P.M P.M 
m mg./m.3 mg./m.3 mg./m.3 mg./m.3 mg./m.3 “3 
0 15 16 11 1S 13 
5 15 14 14 16 14 
10 10 16 12 15 20 
15 13 17 15 11 


Out of 155 determinations made, 140, or 90 per cent, fall between 
9 and 22 mg./m.’ of As. This small range may, we think, be taken as 
the normal. Only seven samples were found with more than 25 mg. 
The average and median of all determinations, irrespective of depth or 
locality, were each 15 mg./m.*. 

The data yield two important general results: 

1. Failure to bear out the previous findings of Gautier, who re- 
ported a considerable increase in As concentration with depth. On 
the contrary, although a small amount of the As may be removed from 
the water at certain stations by diatoms etc., this process is not nearly 
so important or general as in the case of phosphorus. 

2. Corroboration of the assumption of Atkins and Wilson that the 
greater portion of the As in sea water is present in the form of arsenite. 


ARSENIC IN SEA WATER 401 


REFERENCES * 


(1) Gautier, A., 1903. Arsenic dans les eaux de mer, dans le sel gemme, le sel de 
cuisine, les eaux minérales, etc. Son dosage dans quelques réactifs usuels. 
Compt. rend. Acad. des Sct., 137: 232, 374. 

(2) Orton, J. H., 1924. Ministry of Agric. and Fisheries Invest., Ser. 2, 6: 166. 

(3) Cuapman, A. C., 1926. On the Presence of Compounds of Arsenic in Marine 
Crustaceans and Shell Fish. Analyst, 51: 548. 

(4) ATKINs, W. R. G., AND E. G. Witson, 1926. The Colorimetric Estimation of 
Minute Amounts of Compounds of Silicon, of Phosphorus, and of Arsenic. 
Biochem. Jour., 20: 1223. 

Atkins, W. R. G., AND E. G. Witson, 1927. The Phosphorus and Arsenic 
Compounds of Sea-Water. Jour. Mar. Biol. Ass'n, 14: 609. 

(5) Assoc. of Official Agric. Chemists. Methods of Analysis, 1925. Second Edition, 
p. 171. 

The Determination of Arsenic in Food Products. U.S. Dept. of Agric. Publi- 
cation, 1930. 


29 


DIURNAL MIGRATION OF PLANKTON IN THE GULF OF 
MAINE AND ITS CORRELATION WITH CHANGES 
IN SUBMARINE IRRADIATION 


GEORGE Li CLARKE 


(From the Woods Hole Oceanographic Institution,! Woods Hole, Massachusetts, and the 
Laboratory of General Physiology, Harvard University, Cambridge, Massachusetts) 


The investigations of Russell (1926, 1927, 1931), Kikuchi (1930), 
Worthington (1931), and Southern and Gardiner (1932) reveal the 
magnitude and the importance of the diurnal migrations of zodplank- 
ton. The observations indicate that light is probably the most impor- 
tant factor controlling these movements, although it is uncertain in 
just what way the organisms respond to changes in the intensity of 
light. There is likewise considerable doubt in regard to the parts 
played by other factors. The present investigation was undertaken 
to study in more accurate detail the migrations of plankton organisms 
—particularly copepods—and to test the theories regarding the actual 
role of light. 

In previous investigations the intensity of the light in the water was 
not measured at the same time that the plankton hauls were made.’ 
Usually the submarine irradiation was assumed to be proportional to 
the light present at the surface as indicated by the time of day and the 
condition of the weather. Russell (1931) has estimated values for the 
irradiation at various depths on the basis of measurements made on 
other occasions (Poole and Atkins, 1929). In the present investiga- 
tion it was therefore proposed to record the irradiation on deck through- 
out daylight hours when plankton hauls were in progress and to meas- 
ure the percentage of surface light penetrating to various depths in the 
water at suitable periods during the day. The intensity of light to 
which the organisms are subjected at different levels would thus be 
precisely known. 

To improve the accuracy of the determination of the vertical dis- 
tribution of the animals, five nets were constructed which could be 
towed simultaneously at different depths and opened and closed in 
position. JI am indebted to Mr. C. O’D. Iselin of the Woods Hole 

1 Contribution No. 33. 


\? Russell, in collaboration with Atkins, has recently made such observations, 
the results of which are as yet unreported (see Atkins and Poole, 1933). 
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Oceanographic Institution for the main ideas involved in the construc- 
tion of these nets and for the actual design of the fittings. By using 
these at intervals during the day and night, we hoped to obtain signifi- 
cant information in regard to the vertical migrations taking place. 

The observations on the diurnal migration of plankton reported in 
this paper were made from the ‘Atlantis,’ the research vessel of the 
Woods Hole Oceanographic Institution, at Station 1053 (in August, 
1931) and at Stations 1285, 1286, and 1287 (in July, 1932)—all in the 
Gulf of Maine. The details of the measurement of the penetration of 
daylight are presented in a separate paper (Clarke, 1933). 


METHOD OF MAKING HAULS 


The five closing nets were clamped at intervals on the main dredg- 
ing cable and towed horizontally through the water, thus sampling 
the plankton at five different depths in one operation. The original 
nets were made of silk but these were abandoned because they were 
too easily injured by washing against the cable—a circumstance un- 
avoidable in the method used. The nets employed in 1932 were made 
of heavy cotton “‘scrim’”’ (10 strands/cm.) and proved very satisfactory. 
They are 3 meters long, 75 cm. in diameter at the mouth, 11 cm. in 
diameter at the bottom, and provided with a pursing rope 1 meter from 
the mouth. 

The canvas sleeve at the bottom of each net fits snugly over the rim 
of a light brass bucket (11 cm. in diameter and 17.5 cm. deep), similar 
to that described by Kemp and Hardy (1929). A brass band is 
slipped over the canvas and clamped tight by means of a bolt with 
winged nut. The bucket is thus secured firmly to the net and can be 
attached or removed quickly. An opening on one side covered with 
netting of monel metal (40 strands/cm.) allows about two-thirds of the 
water in the bucket to drain off so that the catch can be poured directly 
into a 1/2 liter bottle without further straining. 

The main dredging cable (1.27 cm. in diameter) to which the five 
nets are attached, travels from the winch forward along the deck and 
then outboard to the end of a boom located amidships. The cable is 
kept as nearly vertical as possible by a stream-lined weight (680 kilo- 
grams in air) fastened to the lower end. During this investigation the 
angle which the cable made with the vertical never averaged more 
than 23° for each towing period. The work of attaching the nets to 
the cable is performed at the end of a platform rigged out from the side 
of the ship. 

Each net is laced to its frame, consisting of a brass hoop, and this 
is attached directly to the cable by means of clamps, no bridle being 


Fic. 1. Diagrams to show the method of using the nets. 

A. Net closed and arranged for lowering preparatory to making haul. Net 
frame moves edgewise through the water. 

Inset: Enlargement of edge of net frame showing in detail the strap and pin 
device. 

B. Net open and fishing. The opening is unobstructed except for the single 
cable passing across it. 

C. Net closed and ready to be hoisted aboard. The net frame has been cast 
off and the net is drawn shut on the pursing rope. Note the ‘‘messenger’’ clamp (8) 
which has dropped from the net above on to the trigger of the upper clamp (2), thus 
releasing the closing mechanism. 


14. Pin. 17. Thread stopper. 

15eeStrap: 18. Cord attaching pin to (19). 

16. Brackets. 19. Hand-line to which all the pins are 
attached. 

F, Frame. N. Netting. 


P. Pursing rope. 
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used (see Fig. 1, B). The top clamp is composed of two separate parts, 
as shown in Fig. 2, A. The split lug (1), which is cast to fit the lay of 
the cable, is first rigidly fixed in position by tightening the four screws. 
Since the lug is small enough to pass through the sheaves, this opera- 
tion may be performed on deck and the cable then lowered away until 
the lug reaches a position about two meters above the water. The 
second part (2), of the upper clamp, is next closed around the lug as 
shown in B (Fig. 2). This fitting swivels freely around the lug. The 
upper edge of the net frame is provided with a flanged plate (3) which 
is next secured in the slot (4) of the fitting. This is accomplished by 
depressing against an internal spring the trigger end (5) of the U-shaped 
bolt (6). The latch end (7) of the bolt is thus withdrawn from the slot 
(4), and plate (3) is allowed to slip in. When pressure on the trigger 


Fic. 2. Method of attaching closing net to cable. For explanation see text. 


A, B, and C—upper clamp and top of net frame. 
D, E, and F—lower clamp and bottom of net frame. 


1. Split lug secured to cable. 9. Key which slips into (10). 
2. Outside part of upper clamp which 10. Groove in (8). 
encloses (1). 11. Thumbscrew. 
3. Flanged plate at top of frame. 12. Projection at bottom of frame. 
4. Slot into which (3) fits. 13. Socket into which (12) fits. 
5. Trigger end of (6). C. Main dredging cable. 
6. U-shaped bolt. F. Net frame. 
7. Latch end of (6). P. Pursing rope. 
8. Cylindrical part of lower clamp. 
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is released, the latch (7) snaps back, passing through a hole in plate (3) 
and locking it into position (C, Fig. 2). The pursing rope (P) is made 
fast to the eye provided in this fitting. 

The next step is placing the lower clamp in position as shown in D 
(Fig. 2). The cylindrical part (8) is slipped over the cable and the key 
(9) is slid up into the groove (10) where it is held by the thumbscrew 
(11). Before this is done, however, the clamp must be attached to the 
lower edge of the net frame. This is provided with a projection (12) 
in the shape of a 3/4-cylinder. The projection can slip into or out of 
the similarly-shaped socket (13), which is open in front, except when the 
net frame and the longitudinal axis of the fitting (8) are held parallel. 
Accordingly, in attaching the lower clamp the fitting (8) is first tilted 
until the projection (12) slips into the socket (13). It is then straight- 
ened up, thus locking the projection in, and the key (9) is slid into 
place, thus securing clamp and frame to the cable (F, Fig. 2). The 
whole clamp is free to swivel around the cable. Since the upper fitting 
(2) can also turn, the net frame is free to rotate horizontally although 
it cannot slide up or down on the cable. 

To prevent the net from fishing on the way down (and while the 
other nets are being attached), it is closed at the mouth by drawing the 
netting across the opening to one edge of the frame (see Fig. 1, A). 
The netting is held here by a strap, the lower end of which is perma- 
nently fastened to the frame. The upper end is provided with a hole 
(see inset, Fig. 1, A) through which the brass pin (14) passes, thus 
securing the strap (15) between the two brackets (16). A thread 
stopper (17) prevents the pin from coming out fortuitously. The tail 
of the net is doubled back and placed under the strap, because if left 
free, it would lash about and become fouled. The pin (14) is attached 
to the hand-line (19) by the short piece of cord (18). The pins of all 
the nets are similarly fastened in succession to this line. 

The net is now ready for lowering and the ship is put under way 
at the lowest possible speed. As soon as the net is in the water, it is 
swung around by the loose netting trailing out behind. The net 
frame accordingly tows edgewise through the water and does not fish. 
Meanwhile the next lug has been attached to the cable at the proper 
distance inboard. This is run out to the position over the water where 
the next net is attached exactly as before. 

When all the nets have been attached to the cable and the whole 
string lowered to the desired depth, the ship is accelerated to the regu- 
lar towing speed (see below). The nets are then opened simultane- 
ously by hauling on the handline (19). When all the pins are pulled 
free, the line with the five pins attached is taken in on deck. Instantly 
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the pressure of the water causes the nets to open out and to fish as 
shown in B, Fig. 1. 

At the end of the towing period the nets are all closed before they 
are raised to the surface. Thisis accomplished as follows. A ‘‘messen- 
ger’’ (an extra lower clamp) is placed on the cable and allowed to slide 
down it. When this reaches the topmost net, it strikes the trigger (5). 
The latch end (7) of the bolt is thereby forced downward and the plate 
(3) is pulled free by the horizontal pressure of the water on the net. 
Once the frame of the net tilts backward in this way, the projection (12) 
slips out of its socket and the frame becomes detached from the lower 
clamp. Since there is now no vertical support for the lower clamp, it 
immediately slides down the cable and acts as the ‘‘messenger” to 
release the next net. In quick succession the frames of all five nets 
are thus cast off from the cable, leaving the nets hanging from the upper 
clamps by their pursing ropes only. The drag of the net through the 
water causes these to draw tight and to effectively close the nets as is 
shown in C, Fig. 1. Finally, the nets are raised and taken on deck in 
the reverse order in which they were sent down. With a little practice 
this whole operation, including the 10-minute tow, can be completed 
and the nets made ready to be sent down again in about three-quarters 
of an hour. 

The actual depths at which the five nets were towed at the differ- 
ent stations are given in the tables. In general, the nets were spaced 
in such a way as to sample the upper 50 meters of water to the best 
advantage. During the middle of the day, when the plankton was 
expected to occur at its maximum depth, the series of hauls was re- 
peated at a lower level, the five nets then sampling the water between 
50 meters and 100 meters. On one day this was done at other hours 
as well. The angle which the cable made with the vertical was meas- 
ured in the usual way at the beginning, middle, and end of each towing 
period and was found to vary ordinarily between 10° and 20°. In 
those few cases in which the angle during this period averaged more 
than 20°, the depths of all the nets were corrected by multiplying by 
the cosine of the average angle. 

The towing period was 10 minutes in all cases. The speed of the 
ship was carefully determined at least three times during the tow by 
measuring with a stop-watch the time required for a section of the 
ship’s deck 15.2 meters long to pass a chip of wood tossed into the 
water. By adjusting the speed of the ship from time to time, the aver- 
age speed for each tow was kept within the limits of 1.0 to 1.8 knots. 
At a speed of 1.25 knots, the average for all the hauls, the nets would 
be drawn through 366 meters of water during the 10-minute period, 
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thus theoretically straining 162 cubic meters. Although the speed of 
towing varied slightly, it is important to note that it was necessarily 
the same for all five nets on the line. Differences in the number of 
animals caught at different depths at the same time, therefore, could 
not be due to variation in the towing speed. 

The hours at which the series of plankton hauls were made are 
indicated in the tables. At Station 1053 five series were made during 
the morning. Further observations were unfortunately prevented by 
bad weather. During the 24-hour period comprising Stations 1285 
and 1286, four series were made and each repeated at the lower level. 
At Station 1287 nineteen series (2 repeated) were made during a con- 
tinuous 48-hour period. In general the series were made at more 
frequent intervals of time during the early morning and in the evening 
because the plankton animals are known to migrate most rapidly dur- 
ing those periods. 

METHOD OF ESTIMATING CATCHES 

The plankton catches were preserved in 10 per cent formalin and 
transported to the laboratory where the numbers of the different kinds 
of organisms were estimated by the following sampling method. Each 
catch was poured into a large cylindrical battery jar graduated in 
liters. Water was then added until a suitable dilution was attained, the 
total volume varying, according to the size of the catch, from 1 liter to 
10 liters. The liquid was then thoroughly stirred by an electrically 
driven propeller. As soon as the plankton organisms became evenly 
distributed, four samples were taken with a dipper of 29-cc. capacity 
(consisting of a small porcelain crucible provided with a long handle). 

Each sample was poured out upon a ruled counting slide (3.5 X 7.2 
cm.) and placed under the binocular microscope. By the use of a 
mechanical stage the whole sample can be rapidly passed in review. 
Each individual was examined in turn and its species, sex, and age 
group recorded. The analysis was limited to those forms which occur 
in significant numbers. If the first two samples did not vary by more 
than 10 per cent from their average, no more samples were counted. 
The samples often gave counts closer than this, indicating that the 
method used is sufficiently accurate for the purpose (see below). If 
agreement was not good, the third and, if necessary, the fourth sample 
was examined. In the case of very large catches it was sometimes 
necessary to sub-sample the original samples. The same method was 
used but more samples were counted to insure the same degree of 


accuracy. 
SOURCES OF ERROR 


One of the most serious sources of error occurring in investigations 
of this type is the irregularity in the horizontal distribution (z.e., 
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“swarming’’) of the plankton. The present method, employing five 
nets towed simultaneously on a single cable, has certain advantages 
over previous methods in reducing the magnitude of this error. In the 
first place, the five hauls of a single series contain no error at all from 
this source when compared among themselves since they were made at 
the same time and place. But since the successive series of hauls are 
not made in exactly the same body of water (due to the drift of the 
ship), ‘‘swarming’”’ would introduce an error for comparisons between 
the hauls in different series.. However, since the nets are towed a 
considerable distance horizontally, this error is less than would result 
from the use of a single net hauled vertically (cf. Southern and Gardiner, 
1932; and Worthington, 1931). This method is likewise an improve- 
ment over those in which a single horizontal net has been towed at 
different depths in succession. In such cases the individual hauls have 
been made in different bodies of water, thus introducing the possibility 
of an error within each series (cf. Russell, 1925). 

The use of five nets at once has eliminated another error previously 
encountered. This was due to the relatively long interval between the 
times when the first haul and the last haul of a series were made and the 
consequent possibility that the distribution of the plankton had 
changed meanwhile. Furthermore, the present method is sufficiently 
quick to enable complete observations to be repeated at intervals of 
less than an hour. 

In view of the precautions taken, as described above, the errors 
due to differences in speed and duration of towing (and hence in amount 
of water strained) and in the depths of the nets are probably negligible. 
Moreover, it is important to note that the speed and duration are of 
necessity the same for all the hauls in the same series. The distance 
between the nets on the cable remained the same, of course, through- 
out each towing period, and could not have varied by more than a 
fraction of a meter in different series. 

The use of closing nets which are allowed to fish only at their proper 
depths increases the accuracy of the observations over that possible 
when open nets are used. However, since the nets are towed horizon- 
tally, the layers of water between the nets are not sampled and in the 
present case there was a considerable body of water beneath the lowest 
net the population of which was not investigated at all. (Bottom at 
256 meters at Stations 1285 and 1286, 146 meters at Station 1287.) 
Since the investigation was undertaken primarily to test the effect of 
light, attention was centered on the surface layers. Even at the bright- 
est time of day, light sufficiently intense to be measured did not pene- 
trate to a depth greater than about 50 meters. In the case of the or- 
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ganisms for which we have the most accurate information (Metridia 
lucens adult female), the zone of maximum abundance did not sink 
below the 54-meter depth at the hour when it would be expected to 
occur at its lowest for the day (see Figs. 3 and 5). It seems probable 
that the picture of the vertical distribution of this form would not be 
materially altered if information on the population of the water layers 
between the levels of the five nets could have been obtained. 

Certain other sources of error common to all similar investigations 
should be mentioned, the importance of which has long been in ques- 
tion. First of all, there is the possibility that because of clogging the 
nets might vary in the amount of water actually strained. No satis- 
factory method has yet been devised to remove this source of error. 
In the present work the precaution of thoroughly washing out the nets 
after each haul was always taken. Probably more serious is the pos- 
sibility that the animals escape the net to varying degrees on different 
occasions. The speed of towing and the size of the mouth of the net 
(cf. Gardiner, 1933) are important factors in this connection, but what- 
ever their effects may have been in the present investigation, they were 
the same for all the hauls. Since our nets have no bridles, the water is 
stirred up to a minimum extent in front of their openings. Whatever 
ability the plankton animals may have to see the net and to avoid it 
to a greater extent in bright light than in weak light or darkness would 
tend to cause differences in the numbers caught (1) between surface 
catches made during the day and those made at night and (2) between 
daytime catches made at the surface and those made at depths where 
the light is greatly reduced. This question has been thoroughly dis- 
cussed by Russell (1928), Worthington (1931), and Southern and 
Gardiner (1932). It is useless to compare day and night totals in the 
present case (as previously done), since no attempt was made to in- 
vestigate the bottom layers of water. 

Finally, the sources of error in the estimation of the catch must be 
examined. The method used is comparable to those employed by 
Russell (1925) and Worthington (1931), which appear to be satisfac- 
tory. In an extensive investigation of this matter Gardiner (1931) 
found that the enumeration error when using a similar method (the 
Hensen Stempel-pipette) was insufficient to account for the variation 
of the catch. The error resulting from sampling is undoubtedly large, 
but in view of the huge variation in numbers of animals caught it is 
probably relatively small, if not negligible. 

It seems permissible to conclude that the methods used in this 
investigation are at least as accurate as those previously employed and 
that the results may be relied upon. The modifications which have 
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been introduced—particularly the use of five simultaneous closing nets 
—allow special dependence to be placed upon the differences found 
among the hauls within a single series. 


OBSERVATIONS 


General Vertical Distribution 


The following three species of copepods comprise the bulk of the 
catches made: Metridia lucens (Boeck), Centropages typicus (Krgyer), 
and Calanus finmarchicus (Gunner). In most of the hauls made at 
Stations 1285 and 1286 and in a few of those at Station 1287, quite 
large quantities of siphonophore fragments were taken as well. A 
general view of the numbers of each species of copepod present and of 
the relative depth at which each lives may be obtained from Fig. 3. 


CENTROPAGES 
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Fic. 3. General view of the vertical distribution and the relative numbers 
of the three species of copepods studied. The diagram for the adult females of 
Metridia is plotted on one-half the scale of the others. The depth at which light 
intensities of 1000 microwatts, 100 microwatts, etc., occurred are indicated by the 
horizontal lines. (One microwatt may be taken as approximately equal to three 
meter-candles as used by Poole and Atkins, 1929.) The upper five hauls (A244 to 
A248) were made at 1439 o’clock, the lower five (Nos. A249 to A253) at 1515 o’clock 
on July 11, 1932, at Station 1287. 


The diagrams, constructed in the usual way (cf. Russell, 1925), repre- 
sent the copepod population down to 114 meters at Station 1287 
early in the afternoon of July 11, 1932. This particular series has 
been selected as being the most complete and representative. The 
numerical data for all the series are presented in Tables I, II, and III. 
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From Fig. 3 it will be seen that at Station 1287 the adult females of 
Metridia lucens constitute the most numerous group (diagram plotted 
on half scale) of all the copepods. This group is distributed from 18 
meters down to 114 meters, the greatest numbers occurring at the 
54-meter level. The depth of maximum abundance of the adult males 
of this species is also 54 meters, but the range does not extend upwards 
so far and the animals are relatively more numerous at the lowest 
depths. All the immature Weitridia * taken together show a maximum 
at 30 meters, thus exhibiting a tendency to inhabit the upper water 
layers more commonly than the adults. These observations on 
Metridia agree with Bigelow’s conclusions (1924) that the level of 
plurimum abundance of this species as a whole in the Gulf of Maine is 
50 to 150 meters. . 

Centro pages typicus occurs in very much smaller numbers than either 
Metridia or Calanus. WHowever, the tendency to concentrate toward 
the surface is very marked. This is in agreement with previous ob- 
servations and is undoubtedly correlated with the warmer water found 
at the surface (Bigelow, 1924, and see below). The maximum numbers 
were taken at the 6-meter level, for both males and females, although 
the females were almost equally numerous at a depth of 18 meters. 
Immature individuals were present at the 6-meter level only. 

Calanus finmarchicus is represented chiefly by immature forms, 
particularly copepodid stage V. The adult males occur in very small 
numbers at irregular intervals but incieasing toward the lower limit 
of the range investigated (cf. Russell, 1928). The adult females show 
a maximum at 30 meters. The copepodid stages V and IV are found 
throughout the vertical range with marked maxima at 114 meters, 
but individuals of stage IV are relatively more numerous in the surface 
layers. Copepodid stage III is decidedly concentrated toward the 
surface. Great irregularities in the vertical distribution of Calanus in 
the Gulf of Maine have been reported previously. The present obser- 
vations are consistent with Bigelow’s conclusion (1924) that this species 
is far less plentiful in the surface stratum than below 10 meters, at this 
time of year. 

From observations made on the penetration of light into the water 
at this station (Clarke, 1933), the depths at which intensities of 1000 
microwatts, 100 microwatts, etc., occurred have been calculated and 
these are indicated by horizontal lines at the corresponding depths in 


3’ The numbers of immature individuals in the cases of Metridia and of Centro- 
pages were ordinarily too small to warrant division into age and sex groups. How- 
ever, this was done for Stations 1285 and 1286 in the case of Metridia. Jam indebted 
to Miss Mildred Campbell for working out this further analysis. The immature 
Calanus were divided into age groups for all hauls, following the stages described by 
Lebour (1916). 
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Fig. 3 (cf. Russell, 1933).4 The relationship between the distribution 
of the copepods and the intensity of irradiation may thus be readily 
studied. Itis seen, for example, that the zone of maximum abundance 
for adult Metridia exists in a region where the intensity of irradiation 
is between 1 and 10 microwatts. It must be borne in mind, however, 
that only blue light was measured. If the irradiation over the whole 
spectrum had been measured, the values obtained would have been 
greater and the change in light intensity with depth would have been 
found relatively more rapid, since blue light penetrates the farthest. 
Moreover, we do not know how this region of the spectrum compares 
with other regions in stimulating efficiency for copepods. The sensi- 
tivity of crustacea in general has been found to extend over a broad 
range but with a maximum usually in the yellow-green (cf. Bertholf, 
1932; Lumer, 1932). 

Measurements were made of the lengths of 25 or more individual 
copepods from each of the groups which were sufficiently numerous. 
Russell (1928) has shown that measurements of this sort may serve to 
identify seasonal broods.. This information would therefore be useful 


TABLE [IV 


Cephalothorax length of Metridia lucens adult female 


Night Hauls Day Hauls 

Perle Haul Haul Haul Haul Haul Haul Haul Haul 
219 220 223 246 247 248 250 253 

6m 18 m 54m 30 m 42m 54m 78m 114m 

mm. 

1.743 — — — — Hl — — — 
1.785 — — — D 2 — — — 

1.828 = = 1 — 2 1 — Dis 
1.870 3 — — 7 3 5 1 3 
1.913 3 2 4 12 13 16 = 5 
1.955 B 5 2 10 8 21 3 8 
1.998 7 4 4 7 12 24 4 6 
2.040 - 6 5 7 6 4 14 10 3 
2.083 1 4 1 2 il 8 7 6 
Dols) y, 2 6 2 3 3) | 5 5 
2.168 — 2 — — — 2 6 5 
2.210 1 1 — 1 1 4 6 2 
2253 — — — 1 — 2 6 4 
2.295 — —_— — — — — 2 — 
2.338 — — — — — — — 1 
No. measured 25 DS) 25 50 50 100 50 50 


Av. length ZOOM | E2203 22020) 12905) 1-958) || 2001 |) 22114 | 2.046 


4For comparing light intensities 1 microwatt may be taken as approximately 
equal to 3 meter-candles as given by Russell, since his calculations have been based 
on the data of Poole and Atkins (cf. Clarke, 1933). 
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for comparison with subsequent investigations. Furthermore, it was 
desired to inquire whether size varied with depth within each group 
(cf. Gardiner, 1933). The frequency distributions of the lengths of the 
copepods are given in Tables IV, V, and VI together with the average 
lengths. The length of the cephalothorax (including lateral spine, if 
present) is the dimension considered and not the total length, since the 
former measurement can be made more quickly and accurately. Both 
the cephalothorax length and the total length (to the end of the caudal 
furcee, but not including the furcal sete) were measured for 100 indi- 
viduals of adult female Metridia lucens and their ratio was found to be 
very nearly constant. The average cephalothorax length was 2.001 
mm. and the average total length was 3.018 mm., giving an average 
ratio of 2 : 3 for this group. 

From Table IV it may be seen that in the case of the adult females 


TABLE V 
Cephalothorax length of Metridia lucens and Centropages typicus 


Metridia lucens Centropages typicus 


Adult Adult 
Adult Male Immature Male Female 


Length 


Haul Haul Haul Haul Haul Haul Haul Haul 
247 250 253 247 250 253 244 244 
42 m. 78 m. 114m. | 42 m. 78 m. 114 m. 6 m. 6 m. 


mm. 
1.063 — 
1.105 — 
1.148 1 
1.190 — 
1E233 1 
1 2IS) 8 
1.318 14 
1.360 1 
1.403 = 
1.455 — 
1.488 — 
1.530 — 
1.573 — 
1.615 — 
1.658 — 
1.700 = 
1.743 — 
133 — 
1.828 — 
1.870 — 
BOTS — 
1O55 == 


| sSesemes | PT I te 


| — | 


| 


PA TAT Te Wests eaenuses | | 


PMA eseecee tise It | 


Seri tll | | sence! 


No. measured 25 25 25 25 25 25 25 25 


Av. length 1.296 | 1.342 | 1.356 | 1.466 | 1.458 | 1.583 | 1.319 | 1.445 
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of Metridia lucens the individuals in the deeper layers tend to be longer 
than those nearer the surface although the differences are very small. 
~ In the upper layers the average size is slightly greater at night than 
during the day. If the difference be regarded as significant, it could be 
interpreted as due to the presence at night of large individuals which 
had migrated up from the deeper layers. In the case of the adult males 
and the immature animals of this species there is a similar increase 
in the number of large specimens at the deeper levels (see Table V). 
For Calanus finmarchicus the data (Table V1) reveal a more pronounced 
grading effect. Here the difference in the lengths of the age stages may 
be clearly seen. In addition it will be noted that within each group the 
frequency distribution definitely moves in the direction of greater 
length with increasing depth. This observation agrees with that made 


TABLE VI 


Cephalothorax length of Calanus finmarchicus 


Adult Female Stage V Stage IV Bizée 


Length —— | —- wwe_+s—rc“~™m  ———- 

Haul | Haul | Haul | Haul | Haul | Haul | Haul | Haul | Haul | Haul 
244 247 253 244 247 253 244 247 253 244 
6m. | 42m. |114m.} 6m. 42m. |114m.} 6m. 42m. |114m.} 6m. 


mm. 
1.148 == = — 
1.190 =e = a = ad = = 
1.233 = = = = a= = — 
1278 = = = = = = = 
1.318 = = = = = = = 
1.360 aaa == = — aS = — 
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TABLE VI—Continued 


Adult Female Stage V Stage IV 


Length =F Finghe.|\ Gaia Wace 
Haul | Haul | Haul | Haul | Haul | Haul Haul | Haul | Haul | Haul 
244 247 253 244 247 253 244 247 253 244 
6 m. 42m. |114m.] 6m. 42m. |114m.|] 6m. 42m. |114m.] 6m. 


mm. 
DQ 
2.338 
2.380 
2.423 
2.465 
2.508 
2.550 
2.593 
2.635 
2.678 
2.720 
2.763 
2.805 
2.848 
2.890 
2.933 
2.975 
3.018 
3.060 * —= = = == = 
3.103 a = a — 
3.145 = = = = = aan = 
3.188 == == 1 = = = = a — — 
3.230 = = 1 = = = = — — — 


| ell eel allel lS) 


| 
| 


No. measured} 25 25 25 25 25 25 25 25 24 25 


Av. length 2.445 | 2.589 | 2.766 | 2.152 | 2.305 | 2.328 | 1.644 | 1.707 | 1.787 | 1.263 


by Gardiner (1933) for stage V of this species and indicates that the 
tendency is of general application for the other stages. 

Data on the vertical variations of the following physical and chem- 
ical factors were secured by Dr. A. C. Redfield: temperature, salinity, 
pH, oxygen, nitrate, nitrite, and PO,. This information is presented 
graphically in Fig. 4. The temperature—which changes so abruptly 
between 10 and 20 meters—is probably the most important of these 
as an agent in determining the vertical distribution of the plankton 
organisms under consideration (cf. Bigelow, 1924). 

It was not possible to obtain measurements of the abundance of the 
phytoplankton at this station, but observations were made in this 
vicinity about three weeks later by Gran (1933). He found that the 
phytoplankton maximum occurred at 20 to 30 meters. The dominat- 
ing species were Ceratium fusus, Pontosphera Huxleyi, and germinating 
cyste of Gonyaulax orientalis. 
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Diurnal Migration 


In Fig. 5 the changes in the vertical distribution of the adult fe- 
males of Metridia during the 48-hour period comprising Station 1287 
are represented diagrammatically. Since this is the most numerous 
group of copepods, more reliance can be placed upon these observations 
than upon those of other groups. The first series of hauls made early 
in the afternoon of July 10 showed that these animals were inhabiting 
the water from 30 meters down to 54 meters, with maximum abun- 
dance at this lower depth. As the afternoon progressed and night 
came on, their range was extended upwards to the 6-meter level. At 
the same time the zone of maximum abundance rose gradually. At 
21 o’clock the greatest numbers were taken at 30 meters and at 4 
o’clock the next morning the maximum occurred at 18 meters. The 
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Fic. 4. Variation of physical factors with depth. 
Station 1287 (except oxygen which is for Station 1285). 

The pH measurements were made by a spectrophotometric method using cresol 
red as an indicator. The pK value of cresol red was taken as 8.13 and corrected for 
salinity on the assumption of a salt error of — 0.27. The solutions were measured 
at a temperature of 20°C. The values are not corrected for the change in tem- 
perature. 
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next series of hauls revealed the beginning of the downward migration. 
It is seen that the level of maximum abundance fell and the upper 
layers of water were deserted progressively toward noon. The vertical 
distribution of female Metridia at 0441, with a maximum indicated at 
54 meters, does not conform to the gradual change of abundance which 
is indicated by the other series. The explanation for this is wanting; 
no corresponding irregularity occurred on the following morning. 
Early in the afternoon of July 11 the distribution of the animals was 
found to be very nearly the same as on the previous day. Toward 
night the animals migrated upward in similar fashion although there 
are certain differences in the configuration of the population diagrams. 
As before, the zone of maximum abundance reached the highest level 
(18 meters) just before dawn. The downward migration ensued as on 
the previous day, although here again certain differences in distribu- 
tion do appear. 

From the observations of the irradiation on deck and the trans- 
parency of the water (tested five times during this station), lines of 
equal light intensity have been drawn in Fig. 5. An idea can thus be 
obtained of the actual changes in irradiation to which the organisms 
were subjected during the course of each day. Inspection of the dia- 
gram reveals the fact that in general the zone of maximum abundance 
of Metridia occurs between light intensities of 10 microwatts and 1 
microwatt (or less) and rises and falls coincidently throughout the day 
(cf. Russell, 1927). 

At 20 o’clock on July 10 the greatest number of copepods was found 
below this range of light intensity and at 6 and 8 o’clock on July 12 the 
maximum was above it. This might be taken to indicate that the 
animals could not swim fast enough to retain their position within the 
usual limits of irradiation at those times of day when the light is 
changing most rapidly. For example, it can be roughly calculated 
from the figure that the position of the 1-microwatt line rises about 
46 meters in the hour between 19 and 20 o’clock on July 10. To keep 
pace with this a copepod would have to swim vertically upwards at an 
average speed of 77 cm./min. Parker (1902) found in the laboratory 
that Labidocera swam upwards at the rate of 10 cm./min. The speeds 
of ascent of the Lucerne plankton observed by Worthington (1931) 
are even slower than this. However, Welsh (1933) has found that 
Centropages typicus swims toward a light for a distance of 10 cm. ina 
horizontal trough at average speeds of 71 cm. to 136 cm./min., depend- 
ing upon the intensity of the light. Such an animal would theoretically 
be able to swim upwards at a speed equal to this rate minus the rate of 
sinking due to gravity. Parker observed etherized Labidocera to sink 
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at 30 cm./min. and Gardiner (1933) has shown that large specimens of 
Calanus in an anesthetized condition sink at 50 cm./min. If the 
sinking rate of Centropages is no faster than this, it would appear that 
this species could ascend at a speed as great as that at which the light 
changes in the water. Downward swimming at such a rate could 
probably be easily accomplished. It should be noted that on July 
11 no tendency for the zone of maximum abundance of Metridia to lag 
behind the usual range of irradiation is indicated either in the morning 
or in the evening. 

The total range for the population of female Metridia never ex- 
tends above the 1000-microwatt line and it often falls short of this. 
This value may therefore represent the greatest intensity of light which 
these organisms can withstand at this period of the year. The cope- 
pods do not appear to have been restricted to regions of lower light 
intensities in the early morning than they were later in the day (cf. 
Worthington, 1931), thus furnishing no evidence that the organisms 
became less sensitive to light as the day progressed (cf. Russell, 1931). 

The observations consistently indicate that the animals did not 
tend to become uniformly distributed after complete darkness (cf. 
Russell, 1926) but continued to migrate toward the surface, reaching 
their highest average level just before dawn. However, the zone of 
maximum abundance never rose above 18 meters and very few indi- 
viduals were taken at the 6-meter level. The stratum of warm water 
(15° C.) present at the surface, sharply delineated between 10 and 20 
meters from the cold water (5° to 8° C.) beneath it (cf. Fig. 5), undoubt- 
edly played a large part in deterring the animals from moving much 
above the 18-meter level (cf. Russell, 1927; Bigelow, 1924).° The 
downward migration in the morning did not begin before the irradia- 
tion in the surface layers had become measurably intense, but soon 
after this a rapid descent was initiated, for a considerable movement 
had been accomplished by sunrise. 

The behavior of the other groups of copepods is less clearly de- 
fined. At Station 1053 (see Table I) Centropages was caught in very 
large numbers in the surface layers. Just before sunrise the great 
majority of animals in each group was found at a depth of 4.5 meters. 
As the day progressed, a gradual downward migration took place until 
noon when the zone of maximum abundance occurred at its greatest 


5 Mr. Russell suggests an alternative interpretation of these observations. He 
concludes from the diagrams that by dawn the distribution in the deeper layers is 
tending to uniformity and that if there had been no thermocline the extension of 
a certain proportion upward would have produced a uniform distribution. The 
objection to this view is that the animals present at the 30-meter level ‘at 21 o’clock 
did not spread upwards and downwards in equal numbers during the night but the 
great majority of them moved up to the 18-meter level. 


DIURNAL MIGRATION OF PLANKTON 429 


depth of 23 meters. In each case a number of animals constituting 
a secondary maximum remained near the surface. The downward 
movement of Calanus during this period was of much smaller propor- 
tions. Furthermore, such migration as did occur began later than in 
the case of Centropages. This may represent the difference in time be- 
fore effective intensities of light reached the deeper levels where the 
majority of Calanus were living. The hydrographic data for this sta- 
tion are as follows: 


Depth Temp. Salinity 
meters ens malle. 
0 16.81 31.97 
9 16.82 31.92 
17 ’ 16.80 31.96 
35 16.30 31.96 
52 10.60 32.24 
69 _ 32.31 
86 5.86 32.50 


104 Selly 32.68 


It is evident that the downward migration of Centropages was not 
limited by these factors and that the range of Calanus extended right 
across the thermocline. Very few specimens of Meridia were taken 
at this station. 

During the 24-hour period comprising Stations 1285 and 1286 (see 
Table Il) Centropages exhibited no vertical migration whatever, max- 
imum numbers being taken in the uppermost net at the four times 
that observations were made. On the other hand, Calanus was taken 
in every haul at this station.- There were extremely few adult males, 
and the small numbers of adult females taken were distributed irregu- 
larly, apparently undergoing no definite migration during the period. 
However, the groups composed of copepodid stages V and IV respec- 
tively showed a fairly regular distribution with a definite maximum in 
each case. The largest numbers occurred at 95 meters at noon, at 85 
meters at dusk, at 65 and 75 meters toward midnight, and at 65 meters 
the following morning. These forms therefore inhabited slightly 
greater depths at noon than at other times. The data for the various 
groups into which the Metridia have been divided permit only a 
similarly general conclusion to be drawn. The zones of maximum 
abundance for adult males and for adult females existed at 96 meters 
at noon and at various shallower depths at other periods of the day. 
The distribution of the copepodid stages is seen to be very irregular. 

During the 48-hour period of Station 1287 Centropages was found 
confined to the surface layers as before. In the series made on the 
first day the range of the adults of this species extended to 18 or 30 
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meters at noon while the population was chiefly limited to the 6-meter 
level at other times. This statement does not hold true for the second 
day, however. The immature group did not leave the uppermost 
level at any time. 

In the case of the adult iemales of Calanus there appears to have 
been a fairly consistent movement of the zone of maximum abundance 
from 30 meters at noon, to 6 meters at four o’clock the next morning, 
and then down to 30 meters again the following noon. After this, 
however, the maximum occurs irregularly at a variety of depths. 
Copepodid stage V is represented in every series at all depths. In 
many cases the population is rather evenly distributed throughout the 
range. The maximum for each series occurs at the 30-meter level in 
the majority of cases without regard to time of day. Copepodid stage 
IV was taken in all but one haul at this station but distribution was 
irregular. Maxima were found at the 6-meter level for the most part. 
The prominent maximum found at 114 meters for both stages V and 
IV may constitute a population which remained at this low level 
throughout each day and which is distinct from the secondary maxi- 
mum usually found near the surface on each afternoon. Possibly the 
animals comprising the latter are those which form the single maximum 
found regularly in the shallow series made at other periods of the day. 
The group composed of copepodid stage III was characteristically 
found in the surface strata. The copepodid stages therefore either 
failed entirely to migrate, or at most, they moved downwards a short 
distance during the middle of the day as at the previous station. 

The vertical distribution of Metridia tends to be more consistent 
than in the case of Calanus. The adult males of Metridia are confined 
to a relatively narrow range. Apparently no diurnal migration was 
carried out by this group, however, for the maximum in each series 
except five at this station was found at 54 meters. The pronounced 
migration of the adult females has already been discussed in detail. 
The occurrence of the zone of maximum abundance for the immature 
of this species defies generalization; but it may be concluded that the 
upper limit of the vertical range of this group exists at a lower depth 
during the middle of the day than at night. 


DISCUSSION 


The detailed study of the vertical distribution of these various 
sex- and age-groups of copepods impresses one with the remarkable 
differences in behavior exhibited. However, such lack of uniformity 
among different species, within the same species, and even between 
different broods, has frequently been reported (e.g. Russell, 1928, 1932; 
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Worthington, 1931; and Southern and Gardiner, 1932). As an ex- 
ample of the differences in behavior of the same species as found by 
different investigators, our observations on Calanus finmarchicus may 
be compared with those of Russell (1926, 1927). This worker found 
that the depth of maximum abundance of this species in the Plymouth 
area changed from about 15 meters at noon to the very surface at night. 
But according to the data presented above Calanus was ordinarily 
distributed irregularly throughout the upper 50 meters of water and 
showed only aslight tendency to migrate. Bigelow (1924) has reported 
considerable lack of conformity in day and night catches of Calanus 
in the Gulf of Maine. In general he finds that ‘“‘. . . the reactions of 
Calanus in their local application to the gulf result in its being far less 
plentiful in the surface stratum than below 10 meters or so by day, and 
often by night, during the half of the year when the temperature is 
highest and the solar illumination brightest.” 

Although the nature of the diurnal migration of plankton organisms 
varies so profoundly, and although different explanations are evidently 
required for the details of each individual case, still the possibility exists 
that certain fundamental principles can be found which underlie the 
phenomenon in its broad outlines. Accordingly, the results of the 
present investigation will be briefly examined for evidence supporting 
any of the theories which have been advanced previously. 

The absence of vertical movements in the case of some of the 
animals under circumstances when other forms are migrating is itself 
a proof that, whatever causal factors may be operating, they are not of 
uniform application nor effectiveness. Thus, although change of light 
intensity may have caused the migration undertaken by Metridia, it 
was not equally effective in producing a vertical movement of Calanus. 
Bigelow (1924) says of this species, ‘‘. . . its absence on the surface 
in the regions where it swarms in deeper water is not caused alto- 
gether by sunlight, for while it probably does tend to descend during 
the most brilliantly illuminated hours, on several occasions we have 
made rich catches on the surface when the sun was high in the sky.”’ 

Let us therefore confine our search for a general explanation to 
those organisms which do migrate, and furthermore to those which 
move consistently toward the surface at night and downward in the 
morning. Because of their large numbers and relatively consistent 
behavior the adult females of Metridia form the group from which 
deduction may most legitimately be drawn in the present investigation. 
The description of the migration of these animals already presented 
reveals the fact that the vertical movements definitely coincide with 
the periods of day and night. Hydrographic measurements made on 
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the preceding days by Dr. A. C. Redfield ° showed that no significant 
diurnal changes in the hydrogen-ion concentration, in the oxygen con- 
tent, or in the temperature were taking place in this region. It seems 
justifiable to conclude, therefore, as the majority of previous investiga- 
tors have done, that light is the primary physical factor controlling the 
vertical migration of these organisms. 

The behavior of Metridia provides evidence that, in the present 
case at least, other factors besides light were operating. For, as has 
already been seen, these animals continue to move toward the surface 
even after complete darkness and are found at their highest level just 
beforedawn. This type of behavior was found by Worthington (1931) 
and by Southern and Gardiner (1932) for certain freshwater forms, 
but is in sharp contrast with observations of Russell (1927) in the 
Plymouth area, in which many plankton animals were found uni- 
formly distributed in the vertical column of water at midnight. Con- 
tinued migration after dark may be due to a negative geotropism, as 
has been suggested by Worthington and others. The possibility of 
such behavior being correlated with feeding habits (cf. Worthington, 
1931; and Southern and Gardiner, 1932) should be examined for 
Metridia. As stated above, the phytoplankton maximum in the 
present case occurred at a depth of 20 to 30 meters. The upper limit 
of the vertical movement of Metridia corresponds roughly to the upper 
limit of this zone, but it also corresponds approximately to the begin- 
ning of the thermocline (cf. Fig. 5). Pronounced changes in tempera- 
ture undoubtedly are effective in limiting migrations (cf. Russell, 1927). 
Furthermore, we have very little information on the actual food of 
particular species of copepods. More information must be obtained 
before the importance of feeding reactions in this connection can be 
decided. 

In so far as light is regarded as effective in controlling diurnal 
migrations, it is worth while to consider in what manner it may exert 
its influence. The theory that plankton animals tend to keep within 
a range of “optimum intensity” of light (Russell, 1926, 1927), al- 
though supported by a considerable mass of evidence, has failed to 
fit the facts in certain cases (cf. Worthington, 1931). Question has 
also been raised as to the acceptability of the ‘“‘optimum intensity” 
theory on the basis of experimental work in the laboratory (Clarke, 
1930).7 In the present investigation, however, Metridia were found 
fairly consistently within a definite range of irradiation, as has already 
been pointed out. 


6 Unpublished data. 

7 Due to an error, line 26, page 128, of this report became transposed. It 
should read: “‘. . . due simply to a negative phototropism and a positive geotropism 
produced by the rising of the sun in the morning. . . .”’ 
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According to other theories, based in large part on laboratory ex- 
periments, light is supposed to exert its effect indirectly, by modifying 
the reactions of the animals to such factors as gravity and tempera- 
ture (cf. Dice, 1914; Esterly, 1919; Rose, 1925). Whether the control 
by light is regarded as indirect or as direct, an important distinction 
should be made between two possible ways in which it may act, viz.: 
by virtue primarily (1) of its change of intensity, or (2) of its absolute 
magnitude of intensity (cf. Clarke, 1930, 1932). The behavior of 
plankton organisms may be regarded as a series of similar responses 
to changes in the intensity of light or as different responses to constant 
intensities of different magnitudes. 

Since responses to change of irradiation are ordinarily of short 
duration, it would be necessary, in order for the first possibility to 
hold true, for the increase or decrease of light intensity to take place 
continuously at a rate above the threshold. The requisite rate of 
change for Daphnia magna may be calculated from existing data 
(Clarke, 1930) and is found never to bé less than 16 per cent per min- 
ute. In the sea the irradiation changes at a rate which varies accord- 
ing to the time of day but which is ordinarily greatest at sunrise and 
sunset (cf. Fig. 5). In order to ascertain whether the change of light 
‘intensity in the water ever proceeds at a rate above this threshold, a 
calculation may be made for a time when irradiation is still measurably 
intense but changing at a maximum speed for that intensity. Between 
1900 and 1940 o’clock on July 10 at a depth of 30 meters the irradiation 
was reduced from 10 microwatts to 1 microwatt. This represents an 
average rate of change of 4 per cent per minute. If the responses of 
Metridia are to any degree commensurate with those of Daphnia, it 
would appear that the rate of change of light in the sea at no time 
rose above the threshold value. Nevertheless, an upward movement 
of the plankton took place during this time. Ewald (1910), recogniz- 
ing these difficulties, gives reasons for believing that the sensitivity 
of the animals is increased in nature and that even a gradual change in 
light intensity might evoke the responses. Judgment on this question 
must be reserved until more information is available. 

On the other hand, if the change of irradiation is rejected as a source 
of stimulation, then the problem resolves into one of the effect of differ- 
ent sensibly constant intensities upon the phototropism, geotropism, 
etc., of the organisms. In cases, such as Daphnia, in which the signs 
of the tropisms are unchanging under all intensities of light, and in 
which the animal is able to adapt to light over a wide range, an appeal 
to these reactions can not account for vertical migration, whether the 
-fundamental feature of it be regarded as a tendency to maintain a posi- 
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tion within a certain zone of light intensity or as some other type of 
behavior. Although these experiments have not yet been proved to 
give a true picture of the behavior of plankton animals in nature, 
carefully controlled laboratory investigations of this type have already 
shed much light upon various aspects of the problem. Whatever 
theory may be advanced to explain diurnal migration, the underlying 
reactions involved must be demonstrated conclusively in the laboratory 
before the explanation can be finally accepted. 


SUMMARY 


1. Observations on the vertical distribution of copepods and meas- 
urements of the submarine irradiation were made in the Gulf of Maine 
during 12- to 48-hour periods to procure information on the importance 
of light in controlling diurnal migration. 

2. Five closing nets were towed simultaneously at different depths 
from a single vertical cable. The method devised for allowing the 
nets to be open only during the 10-minute towing period is described. 

3. The sources of error involved in the work at sea and in the 
sampling of the catch in the laboratory are discussed. The methods 
used allow special dependence to be placed upon differences found 
among the hauls within each series. 

4. The general vertical distribution of the three species studied was 
as follows: Centropages typicus inhabited the stratum of water above 
the thermocline (10 to 20 meters), Calanus finmarchicus was irregularly 
distributed, and Metridia lucens occurred below the thermocline. In 
each case the individuals present in the upper part of the range were 
found to have a slightly smaller average length than those occurring 
at deeper levels. 

5. The adult females of Metridza exhibited the most marked diurnal 
migration, the level of maximum abundance rising in the afternoon and 
during the night and falling in the morning. These movements were 
found to coincide to a considerable extent with changes in submarine 
irradiation. SMe 

6. The changes in the vertical distribution of the other groups of 
copepods were slight or quite irregular. In some cases, however, there 
was a definite tendency for the maximum to occur at greater depths at 
noon than at other times. 

7. This investigation confirms the idea that light is the most im- 
portant factor controlling diurnal migration. In addition, the observa- 
tions are shown to have a bearing on various of the theories regarding 
the manner in which light exerts its effect. 
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THE BUPRPER CAPACITY OF SEA WATER? 


PHILIP H. MITCHELL AND NORRIS W. RAKESTRAW 


(From the Arnold Biological Laboratory and the Metcalf Chemical Laboratory of Brown 
University and the Woods Hole Oceanographic Institution) 


The titration of sea water in order to measure its excess of base, 
or what may be called its buffer capacity for acids, is not only of in- 
terest from the standpoint of oceanography but also of practical value 
in the detection of acid wastes present in small quantities (Thompson 
and Bonnar, 1931). Several methods have been employed. Watten- 
berg (1930) has described a method in which an excess of acid is added 
to the sea water, CO>-free air is drawn through the boiling mixture un- 
til all CO, is removed, and then the water is back-titrated with stand- 
ard barium hydroxide solution, using a mixture of brom cresol green 
and methyl red as indicator. Greenberg, Moberg, and Allen (1932) 
use a method of direct titration with standard acid, using methyl 
orange as indicator. Both of these methods, and others of which they 
are typical, require the use of rather elaborate precautions and of more 
or less cumbersome apparatus. 

Of recent methods, that of Thompson and Bonnar (1931) possesses 
certain distinct advantages. It is rapid and employs apparatus easily 
handled on board ship. It is especially good in that results are prac- . 
tically independent of the COs tension of the sample. 

The principle of the method is simple. A sufficient volume of 
standard HCl is added to a measured portion of the sample to pro- 
duce an acidity near the middle of the useful range of brom phenol 
blue. From this the milliequivalents of hydrogen ion per liter remain- 
ing unneutralized are calculated. This value subtracted from the 
quantity of H ion added per liter gives what might be called the ap- 
parent buffer capacity of the water. This value, however, must 
be corrected for the effect of salts upon hydrogen ion activity and upon 
the dissociation of the indicator. The correction is made by carrying 
out the same procedure on a sample of carbonate-free, approximately 
neutralized sea water of the same salinity as the unknown sample. 
Subtracting the acid required by the carbonate-free water from that 
required by the sample gives the buffer capacity of the latter. 

It seemed to us that if standard values for the amount of acid re- 
quired to bring carbonate-free sea water of any given salinity to any 


1 Contribution No. 31 from the Woods Hole Oceanographic Institution. 
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given pH could be established, the method would be made much more 
useful, especially since the difficult part of Thompson and Bonnar’s 
method is the preparation and preservation of neutral, carbonate-free 
water. Our experience has led to the conclusion that such standard 
values can be obtained. Sea waters from distinctly different regions, 
whether clear or cloudy (provided they are filtered before use) will 
yield the same results within the limits of observational error, when 
rendered truly carbonate-free. 

The method of preparing the ‘‘neutralized’’ water has been slightly 
modified. Concordant and reproducible results can be obtained only 
when certain precautions are rigidly adhered to. Filtered sea water, 
sufficient to half fill a large Pyrex boiling flask, is treated with concen- 
trated H.SOu., drop by drop, until a test portion gives a color with brom 
phenol blue approximately equivalent to that of a Clark and Lubs 
standard tube of pH 3.4. The water is then boiled for about six hours 
under a Pyrex reflux condenser, while a stream of CO>-free air is rapidly 
drawn throughit. The reflux condenser is then removed, and while the 
water is still boiling, carbonate-free NaOH of about 0.07N strength is 
added in small portions until a sample of the water quickly cooled to 
room temperature shows a pH of 6.6 with brom thymol blue. The 
approach to the condition of near neutrality is followed from time to 
time by titrating a cooled 25-ml. portion of the water with 0.01N 
NaOH, using brom thymol blue as indicator. As noted by Thompson 
and Bonnar, the occurrence of an alkaline condition in the water at any 
time during the approach to neutrality vitiates the preparation. COs 
will be taken up so rapidly that the water, even though it is acidified 
as soon as the slight alkaline condition is discovered, will show acid 
requirements that are too high. 

Measurements are made, after the preparation has been cooled to 
20° C., upon various known dilutions with distilled water. The 
following series, for example, was used: 21, 18, 15, 12, 9, 6, and 3 grams 
per liter of halide, computed as chlorine. Approximate dilutions are 
prepared and the precise chlorinity later determined by titration with 
AgNO;. Each of several 100-ml. portions of each dilution is treated 
with a suitable amount of 0.075N HCl added from a micro-burette 
permitting a precision of + 0.001 ml. Each of the mixtures is then 
read at 20° C. with brom phenol blue as indicator in a pH bicolorimeter 
of the Hastings type. The precision of this instrument, provided its 
optical system is adjusted to give perfectly uniform illumination on 
both sides, is far beyond the expectations of one accustomed to older 
pH colorimetric methods. Differences corresponding to less than 0.01 
of a pH unit can be recognised and measured by the experienced Ob- 
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server. From the readings, pH values are computed, using 3.98 as the 
pK; of brom phenol blue. This “constant” varies, of course, with 
salinity, but if the same pKy of the indicator is used throughout, the 
so-called ‘‘salt-error”’ is automatically eliminated. The value 3.98 is 
convenient because it is the one established for brom phenol blue at 
20° C. in Clark and Lubs’ standard buffer solutions. From the pH 
value and the quantity of acid added are calculated the milliequivalents 
of H ion neutralized per liter, or the apparent buffer capacity of the 
carbonate-free water. The several values for each dilution are plotted 


TABLE I 


“Apparent” buffer capacity of carbonate-free, approximately neutralized sea water. 
Milliequivalents of H ion apparently neutralized per liter. 


Cl pH observed after adding HCl 


HCl | 4.10 | 4.05 | 4.00 | 3.95 | 3.90 | 3.85 | 3.80 | 3.75 | 3.70 | 3.65 | 3.60 | 3.55 


S| O45 RODS) OT 20MM |) 1050! | 209251054 2A ISO lo Om esto i206 

O58 5 LOGS ORS O34) 095) NOM | 1235 SONS Se eine 0Se tel oe 
Se eCon Oven OS O97 he 110 122) AON toi) etiie i loSa 227250 
6 |) Ono \ S085 |) OFS | OS Sarees | cS) es | OO |) AO |) eA | 
COs | Ol) | OD) SAD SISO 7a) Ail} |) ADD | oS |) Aor || 222) 
8 | .090 | .101 | .116 | .129 | 146 | .163 | .182 | .204 | .224 | .253 | .285 | .319 
DW OOO |) OS | AS 1 of) iB Wee aie ANS) aS OM || oO | isl! 
10} OS} MIO | MAE Oe ISS | 20D | e222) LS) 2S 4 | Swi |) Se 
Ae LOOM 123, Pat 4On ASG e17Gn) 1945152 155239 2640 205K es S2e 7370 
Neel ZI AO! OZ e079 We ZOZ E225 2250) AA LOM SLOSS 
Shee 20M SS evo al AO) at OO N20 2 S236" 259) 2 Seno Lone some 5 98 
14 | .124 | .140 | .158 | .175 | .197 | .220 | .243 | .268 | .298 | .330 | .369 | .412 
15 | .125 | .145 | .164 | .181 | .201 | .227 | .250 | .276 | .307 | .340 | .380 | .423 
1G SS GO) MOS | Le PO | 84 2S) aes || iG |) SW! |] SO) |) eS 
17 | .137 | .153 | .173 | .192 | .215 | .240 | .266 | .290 | .324 | .360 | .400 | .446 
18 | .141 | .157 | .178 | .196 | .222 | .247 | .273 | .298 | .333 | .369 | .410 | .457 
19 | .145 | .160 | .284 | .200 | .225 | .253 | .280 | .304 | .340 | .378 | .419 | .465 
20 | .149 | .164 | .186 | .204 | .229 | .258 | .283 | .309 | .347 | 386 | .429 | .476 
21 | .152 | .166 | .190 | .208 | .234 | .263 | .292 | 315 | .354 | .394 | .336 | .484 


against the observed pH values, and when this is done for each of the 
several dilutions, a contour chart involving the three variables, pH, 
apparent buffer capacity, and chlorinity of the acidified water, is ob- 
tained. By interpolation, apparent buffer capacity for any given pH 
and chlorinity can be read off. 

After this method had become standardized six different collections 
of sea water were used for extended sets of measurements. Their 
sources were: Woods Hole Harbor, two samples, and one each from 
Narragansett Bay, Atlantic Ocean near Newport, Atlantic Ocean south 
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of Martha’s Vineyard, and Atlantic Ocean near Bermuda. From the 
resulting six contour charts, the mean value of the apparent buffer 
capacity was computed for each of 59 points distributed over the ranges 
of chlorinity and pH values which, when plotted, yield the contour 
chart shown in Fig. 1. The computed 59 points (in italics), together 
with others read off from Fig. 1, are given in Table I. 

The precision of these values was tested by computation of the 
probable error of each of the mean values entered upon the contour 
chart. Of the 59 points 40 had a probable error of the mean not ex- 
ceeding + 0.003, 9 of them had a probable error less than + 0.001 
and the general order of the probable error was + 0.002. In no case 
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Fic. 1. The apparent buffer capacity of carbonate-free approximately neu- 
tralized sea water, used for standard correction values. Above the abscissa equal 
to the chlorinity of an acidified sea water sample, one selects by interpolation be- 
tween the isohydric contour lines the pH observed with brom phenol blue as indicator 
and reads the corresponding ordinate as the correction to be subtracted from the 
apparent buffer capacity of the sample. These values are computed on the assump- 
tion that, for brom phenol blue, 


pKi = 3.98 — 0.007(¢ — 20° C.). 


did the probable error exceed + 0.006 and the less consistent results 
were all in a range of pH values more acid than pH 3.70, a part of 
the chart not recommended for use in more precise measurements, for 
reasons to be discussed presently. 
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The final test of the accuracy of these values is their actual use as 
corrections for measurements of the buffer capacity of sea water. If 
accurate they should give results on any one sample of sea water, 
both with and without the addition of distilled water, and at any ob- 
served end-point of titration within the chosen pH range, such that the 
ratio of the buffer capacity (obtained with the use of the carbonate- 
free correction value) to the chlorinity of the water is constant. This 
has been found to be the case, in repeated trials, within the limits of 
observational error. An example of such a test of the method is 
shown by the results given in Table IT. 


TABLE II 


Titrations of the same sea water sample undiluted and diluted with distilled water 


Titration Uncorrected Correction Corrected Ratio 

Chloride end buffer from con- buffer BC 

content point capacity tour chart capacity el 

gram/{t. pH meq.|l. meq.|l. meq.|t. 

17.38 3.77 2.394 0.280 2.114 0.1217 
17.38 3.79 2.368 0.264 2.104 0.1210 
11.98 3.75 1.707 0.247 1.460 0.1219 
9.88 3.74 1.439 0.233 1.206 0.1219 
5.94 3.87 0.846 0.128 0.718 0.1210 
4.05 3.835 0.608 0.115 0.493 0.1217 


The selection of an appropriate end-point for the titration of sea 
water, when brom phenol blue is the indicator, must be a compromise. 
Greenberg, Moberg and Allen (1932), applying the theory of titration 
to the problem of methyl orange titration of the total carbonates of 
sea water, compute the correct end-point as pH 4.35, and use 4.5 in 
practice. The steepest slope of the titration curve is in the region of 
pH 4to5. This we have found to be the case by the use of the glass 
electrode described by Taylor and Birnie (1933). This instrument was 
particularly suitable for the purpose because measurements are taken 
in a small closed chamber which prevents loss of CO2. Two titration 
curves are shown in Fig. 2. They make it obvious that the most 
sharply defined end-point is at approximately 4.5. Here, however, the 
effects of carbonic acid are considerable, and loss of CO. makes the 
colorimetric pH estimation very difficult. Indeed, carbonic acid ex- 
erts a measurable effect upon the result unless the end-point is dis- 
tinctly more acid. The true dissociation constant of H2,CO3, though 
unknown, is of the general order of pK, 3.5, according to several ob- 
servers (Michaelis, 1926). But if the titration is arbitrarily carried 
to a pH of about 3.43.3, that is, beyond the possible effects of car- 
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bonic acid, the uncertainty of the colorimetric determination is greatly 
increased. Readings with brom phenol blue in this range show a 
comparatively large observational error. 

A working compromise between these various objections is reached 
by selecting the end-point so as to be between pH 3.70 and 4.00, a 
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OS 1.00 2.00 3.00 
ml. of 0.0754N HCl added to /00 mi. portions 


Fic. 2. Sea water titration curves. The pH measurements were taken with 
a glass electrode in a closed chamber. Each point was obtained with a separate 
100-ml. portion of water to which was added the volume of 0.0754N HCl indicated. 
The pH measurements were made at 30° C. 

Upper curve: water from near Newport; chlorinity, 18.10 gram/I. 

Lower curve: Narragansett Bay water; chlorinity, 15.21 gram/l. 


range within which the titration curve is fairly steep and the measure- 
ments can be made with a satisfactory degree of accuracy, while the 
effects of varying CO, tension in the sample are relatively small, affect- 
ing the result by an amount less than one per cent of the observed 
value. The latter fact was ascertained by measuring sea water samples 
which were equilibrated with laboratory air and then measuring the 
same samples after bubbling expired air through them. Using 3.98 
as the pK; of brom phenol blue in sea water, as we have proposed 
above, yields values which are somewhat higher than the true pH. 
In sea water of high salinity at 20° C., the pKy is of the order of 3.78, 
as the work of Kolthoff (1930) on KCI solutions has indicated. Pre- 
cise measurements in sea water of varied salinities and temperatures 
are desirable. Some preliminary work in this direction has been under- 
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taken in the laboratory of one of us, using the glass elecrode and the 
bicolorimeter. It is clear, however, that the end-point chosen for 
these titrations is sufficiently acid to avoid serious errors due to car- 
bonic acid. 

The following procedure is followed in taking the buffer capacity 
of a sample: It is collected in Pyrex glass, unless measurements can 
’ be made at once. Silicates from soda glass can measurably raise the 
buffer capacity. If it must await analysis for any length of time, it is 
preserved at a temperature not above 10°C. Fermentation acids 
can cause low results, in our experience. If any visible organic matter 
is present the sample is filtered. Protein and perhaps other organic 
matter raise the buffer capacity. Measurements are taken at or near 
20° C. A 100-ml. portion is pipetted into a small Pyrex flask and HCl 
of about 0.075N strength is added in amount which, as estimated 
roughly from the salinity of the water, will bring it to the desired acidity 
as described above. Either preliminary trials or previous experience 
with water of the locality is necessary to determine the amount. 
The flask is stoppered and its contents thoroughly mixed and used for 
pH measurements in the bicolorimeter. The brom phenol blue can 
give reliable results only when of high purity, which can be ascertained 
by using it with Clark and Lubs’ standard phthalate buffer solutions. 
Of five different manufacturers’ products tested, only two were found 
to be within the limits of the accuracy of this method. For all the 
results reported here, brom phenol blue from Hynsonn, Westcott and 
Dunning was used. 

The solution of the indicator must also be approximately isohydric 
with the solutions to be measured. This condition was sufficiently 
approximated by adding to the 0.04 per cent indicator solution, as 
commonly prepared with one molecular equivalent of NaOH, a further 
amount of 0.01N NaOH equal to one-third of a molecular equivalent. 
This solution gave the same pH readings in the sea water irrespective 
of the concentration of indicator. Indicator solutions containing 
either one or one and one-half molecular equivalents of NaOH failed 
to do so. An indicator solution containing more than one molecular 
equivalent of alkali is relatively unstable and should be prepared not 
more than three days before use. 

It is not always feasible to secure temperature control at 20° C. 
during the pH observation. Although slight variations in temperature 
do not greatly alter the pH of the acidified sea water, they do affect 
the dissociation of the indicator to an extent exceeding the limits of 
accuracy otherwise attainable in this method. As an approximate 
correction for the temperature effect upon brom phenol blue, we have 
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used the formula, pK; = 3.98 — 0.007 (¢ — 20°), where pK, is the 
pK; at temperature, ¢. This is taken from a few measurements with 
the use of the glass electrode and is subject to future correction. 

The method of computation of results is shown by the following 
example. To 100 ml. of Woods Hole Harbor water was added 3.400 
ml. of 0.07509N HCl, or 2.553 milliequivalents of H ion per liter of 
water. The resulting pH was 3.83, or 0.153 meq. of H ion in 1034 ml. © 
of mixture. The apparent uncorrected buffer capacity is 2.553 
— 0.153 = 2.400 meq./l. Interpolation from the contour chart of 
Fig. 1 or from Table I shows that at pH 3.83 and chlorinity of 17.8 
grams/| (the value for this mixture), the correction is 0.260 meq./l. 


TABLE III 


Buffer capacity of surface water from the Cape Cod region 


Source of Chloride Buffer Specific 

Date sample content capacity ee 

gram/lL. meq./l. BC/C1 

129/80. Ook ea Near Woods Hole 18.31 2.204 0.1203 
SAE ANU prs es RATE sae ee vt UF i 18.34 2.220 0.1210 

Sein ise Pate eM Ecc hon ato Re os 18.28 2.188 0.1198 

NAR Rae ee ps Cen ea SL ce a x 18.28 2.176 0.1189 

CoS ieee ceed anaes eee etree = i 18.27 2.171 0.1188 

Bia od Ft die ece ear oy sei ef i eH 18.17 2.165 0.1192 

BAS Naren ECT eae gh va sat ui os 18.21 2.188 0.1200 

TR ICAUL So etaonee Ole emen es eee ng a is 18.05 2.161 0.1196 
erate cea ete be R MMe a it SY 18.05 2.138 0.1183 
SUS OS Deets aaa maia eta! HE oh x 18.48 2.181 0.1181 
COS, eC i oe oa ‘i 2 ny 18.48 2.162 0.1170 

Soe hte Makes Oa eee eh Ms 5 oe 18.48 2.176 0.1177 
MOIS 2 a0.G4.9 a seh ta ae “ i * 18.32 2.165 0.1182 
ADH SDs tise case yes ss os 18.24 2.164 0.1186 
MMe Seas ct) we ran ba * ze 18.35 2.159 0.1176 

OS Sa OR Ses ate mt os a 18.24 2.160 0.1182 
ZO S Sine be is Menace rane ci < ee 17.90 2.112 0.1181 
ONO SQ Aes lence ale Buzzards Bay 18.48 2 NS 0.1203 
OEE AN es oy rs Seo ho mt i 18.27 2.191 0.1200 
QD DBE he eae 58s ea Cape Cod Bay 18.11 2.183 0.1205 
Oo a 8 ae et oH vis oF 18.02 2.170 0.1203 

OC US 2 eee ee nf is oy 18.05 2.187 0.1211 
OSS 7 a ohana East of Cape Co 18.22 2.187 0.1200 
Oe oon ede dia cata a anne Seen Oak S 18.21 2.189 0.1202 

oo et Ne aaa aan ey eigeseele | a - 18.20 2.184 0.1200 
Sanur at NCS Or eh Fae Hi 18.19 2.184 0.1201 


EG nN ee ate wera Tene a 18.36 2.200 0.1198 
SS CURE RIO NEAR pn ertraeg ts Sree i 18.35 2.202 0.1200 

SMS Diese koe apis 35 miles south of Martha’s 
Vineyard 18.48 2.223 0.1203 
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The buffer capacity of the sample is, then, 2.400 — 0.260 = 2.140. 
The AgNO; titration of this water sample gave Cl 18.32 grams 1, so 
that the ratio BC/Cl = 0.1168. The latter may be called the ‘specific 
buffer capacity.” 

Results of observations on various samples from the Cape Cod 
region and from parts of the Atlantic Ogean and the Caribbean Sea 
included in a recent cruise of the ‘‘Atlantis,’’ are summarized in Tables 


TABLE IV 
Buffer capacity of sea water from the Gulf of Maine 


j Ss if 
Station | Depth anes Boe Dulce 
meters gram/l. meq.|l. fick BC/Cl 
1705 0 18.10 2.143 0.1184 
50 18.40 2.200 0.1196 
175 18.74 2.210 0.1179 
1706 0 18.10 2.144 0.1185 
50 18.42 DGD 0.1179 
150 18.63 2.182 0.1171 
1707 0 18.09 DO 0.1222 
50 18.25 2.186 0.1198 
125 18.56 2.201 0.1186 
1709 0 17.47 2.101 0.1203 
31 17.97 2.130 0.1185 
1711 0 17.99 2.161 0.1201 
50 18.16 2.167 0.1193 
175 18.86 2.220 0.1177 
1713 0 18.22 2.189 0.1201 
50 18.45 2.207 0.1196 
175 19.17 2.254 0.1176 
VAG 0 18.08 2.180 0.1206 
50 18.34 2.202 0.1201 
200 19.69 2.290 0.1163 
1722 0 18.14 2104 0.1160 
54 18.43 2.196 0.1192 
114 18.90 DONG 0.1173 
0 18.14 DAIS 0.1198 
50 18.445 2.181 0.1182 
250 19.66 2.300 0.1170 
1723 0 18.765 2.249 0.1199 


70 18.465 DiS) 0.1200 
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III, IV, V, and VI. (The results in Table VI were obtained by Mr. 
Homer P. Smith, on board the ‘‘Atlantis.’’) Figure 3 shows the loca- 
tion of the principal stations in the investigation. 

The specific buffer capacity, or the ratio of buffer capacity to the 


TABLE V 
Buffer capacity of Atlantic Ocean water 


, Specific 
Station Depth ener ae ee 
meters gram/l. meq.|l. BC/Cl 
1462 0 20.90 2.420 0.1158 
0 20.90 2.452 0.1172 
100 20.90 2.450 0.1171 
2000 19.95 2.393 0.1199 
2000 19.95 2.371 0.1188 
St. Georges Harbor, Ber- 
muda. 0 21.00 2.403 0.1144 
1465 0 21.15 2.438 | 0.1152 
100 20.17 2.363 0.1171 
1467 0 21.20 2.373 0.1120 
100 21.20 2.419 0.1140 
4500 20.17 2.378 0.1179 
1469 0 21.20 2.402 0.1134 
100 21.15 2.419 0.1143 
600 20.83 2.386 0.1145 
800 20.45 2.380 0.1164 
1200 20.30 2.347 0.1157 
2000 20.22 2.338 0.1156 
3000 20.20 2.346 0.1161 
4000 20.20 2.346 0.1161 
1473 0 ZAe22 2.384 0.1123 
100 21.20 2.374 0.1122 
~ 500 21.07 2.367 0.1123 
1000 20.35 2.328 0.1144 
1600 20.20 2.317 0.1147 
2000 20.20 2.329 0.1153 
2500 20.20 2.329 0.1153 
3000 20.20 2.317 0.1147 
1477 0 20.93 2.356 0.1125 
100 21.17 2.385 0.1126 
500 21.03 2.387 0.1135 
1000 20.27 2.319 0.1144 
1400 20.25 2.319 0.1145 
2000 20.25 2.295 0.1133 


3000 20.20 2295 0.1136 


Station 


1482 


i513 


1527 


1548 


1581 


1598 


1606 
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Buffer capacity of water from the Caribbean Sea 


Depth 


meters 
100 
500 
1000 
2000 
3000 


100 
500 
1000 
2000 
3000 


TABLE VI 


Chloride Buffer 
content capacity 
gram/l. meq.|l. 
20.855 2.406 
20.375 2.367 
19.825 2.384 
19.845 2.384 
19.785 2.335 
20.495 2.296 
19.98 2.270 
19.745 2.245 
19.81 2.271 
19.81 2.271 
20.65 2.355 
20.755 2.389 
19.77 2.310 
19.785 DESi2: 
19.82 PESOS 
19.83 2.347 
20.35 2.319 
20.48 2.355 
19.95 2.310 
19.74 2.298 
20.425 2.355 
20.435 2.368 
20.07 2.309 
19.685 2.311 
19.755 2.298 
19.775 2.298 
19.76 2.258 
19.775 2.258 
19.775 2.229 
20.38 2.391 
20.36 2.381 
20.00 2.346 
19.725 DESDS 
19.77 2.310 
19.775 DSO 
2.310 
20.415 2.367 
20.40 2.344 
20.07 2.296 


Specific 
buffer 
capacity 


BC/C1 
0.1154 
0.1162 
0.1203 
0.1201 
0.1180 


0.1120 
0.1136 
0.1137 
0.1146 
0.1146 


0.1140 
0.1151 
0.1168 
0.1174 
0.1178 
0.1184 


0.1140 
0.1150 
0.1158 
0.1164 


0.1153 
0.1159 
0.1150 
0.1174 
0.1163 
0.1162 
0.1143 
0.1142 
Oni 


0.1173 
0.1169 
0.1173 
0.1178 
0.1168 
0.1177 
0.1168 


0.1159 
0.1149 
0.1144 
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chlorinity, is in general lower than that reported by Thompson and 
Bonnar for Pacific water of the San Juan Archipelago and nearby 
regions. That this difference is not due merely to variations in method 
is indicated by the results of measurements made by one of us on 48 
samples from various bays in the Puget Sound region. These measure- 
ments were made by the same method as that used in this report and 
the same correction values for salt effects were applied. A\ll the re- 


5 
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Fic. 3. Location of the principal stations. 
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sults fell within the range of specific buffer capacities reported by 
Thompson and Bonnar. It is hoped that the titratable alkalinity of 
Atlantic and Pacific waters can be more adequately compared in the 
near future. It would also be of interest to compare the ratios we have 
already found with those obtained in other parts of the world, but it 
is not yet certain in our opinion that results obtained by different 
methods are fairly comparable. So far as we are aware, the report of 
Thompson and Bonnar is the only one based upon the use of this 
method. 

A comparison of our data with those of Wattenberg (1925-27), in 
the course of his extensive work in the South Atlantic on the “‘ Meteor”’ 
expedition, shows very fair agreement. His values for the ratio of 
alkalinity to chloride fall mostly between 0.120 and 0.125, but using 
chloride per kilogram as a basis. When this is changed to chloride 
per liter (lowering the ratio about 2 per cent) very close agreement 
results with our average value of 0.119 + for water near Cape Cod. 

Two general tendencies are to be seen in the above data: first, a 
lower specific buffer capacity in waters to the south than in those from 
the neighborhood of Cape Cod and the Gulf of Maine. This difference 
is especially noticeable in the western part of the Sargasso Sea and in 
the greater portion of the Caribbean. A full discussion of the signifi- 
cance of these differences must await further data, which we are en- 
deavoring to obtain. 

Were these variations due simply to a difference between coastal and 
mid-ocean water we should expect the results in the Caribbean to be 
similar to those in the Gulf of Maine, but it is precisely here that the 
difference is most marked. Wattenberg’s values for “‘specific alkalin- 
ity” in the South Atlantic show a similar, but less pronounced, varia- 
tion with respect to latitude. Averaging his results from stations in 
the neighborhood of 40° — 50°S. on the one hand, and those from 
stations 10° — 20°S. on the other, shows an increase of about 2 per 
cent, at corresponding depths, in the higher latitudes. A similar 
analysis of our more limited data reveals a difference of 4-5 per cent. 

Second, there is a variation in specific buffer capacity with depth; 
in general, and especially at deep-sea stations, an zmcrease with depth. 
(Wattenberg found the specific alkalinity to behave in the same man- 
ner.) In two widely separated areas, however, this variation is re- 
versed. Both in the Gulf of Maine and in the western part of the 
Caribbean the buffer capacity consistently decreases with increasing 
depth. We are not yet in a position to discuss the full significance of 
these facts, beyond suggesting that mass movements of the water are 
concerned, as well as possible variations in the character of the land 
drainage. 
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It may be pointed out that the lowering of the specific buffer capac- 
ity resulting from the mixing of mid-ocean and coastal water has been 
apparent in several of our observations. For example, during a pro- 
longed and violent easterly storm in April samples taken at Woods 
Hole had a higher chlorinity and correspondingly a lower ratio than 
any we had ever observed there, between 0.1138 and 0.1149. 

In addition to the work here reported, many measurements have 
been made on samples from the Narragansett Bay region. Here, 
however, the buffer capacities are variable and of a different order from 
those observed in ocean water. The effects of land drainage, rainfall, 
tidal and other currents, etc., involved in a nearly land-locked body of 
water such as Narragansett Bay, are sufficiently complex to deserve 
special treatment, which will be undertaken in a later report. 


SUMMARY 


1. The method of Thompson and Bonnar for measuring the buffer 
capacity of sea water has been modified by the introduction of the 
use of standard correction values to make allowance for the effects 
of salts upon hydrogen ion activity and upon the dissociation of brom 
phenol blue. These values are reported in tabulated and graphic 
form. 

2. Various sources of error in the method are discussed and cor- 
responding refinements of technique suggested. 

3. The specific buffer capacity of Atlantic waters according to these 
measurements is lower than that of Pacific waters, so far as yet inves- 
tigated. 

4. Lower specific buffer capacities were found in the Atlantic 
Ocean to the southward and in the Caribbean Sea than in the neigh- 
borhood of Cape Cod and the Gulf of Maine. 

5. In general, an increase in buffer capacity with respect to depth 
was observed, but in the Gulf of Maine and the western part of the 
Caribbean this relation was distinctly reversed. 

6. The effects of mass movements of ocean water upon the buffer 
capacity appear to be traceable. 
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INHIBITION OF THE STIMULATING EFFECT OF RED 
LIGHT ON TESTIS ACTIVITY IN STURNUS 
VULGARIS (STARLING) BY A 
RESTRICTED DIET? 


THOMAS HUME BISSONNETTE 


(From the Institute of Animal Nutrition, School of Agriculture, Cambridge, England, 
and Trinity College, Hartford, Connecticut) 


INTRODUCTION 


In experiments on Sturnus vulgaris between January and March, 
1930, and between December and February, 1930-31, in Hartford, Con- 
necticut, to test the effectiveness of red, green, and white lights of equal 
luminous intensities in stimulating testis activity, a varied diet rich 
in proteins, fats, vitamins, and mineral salts, as well as carbohydrates, 
was used. The complete effectiveness of red light at either 2.6 or 1.7 
foot candles, respectively, added for 6 hours after nightfall following a 
period of daylight normal for the time of year, was indicated, with such 
diets, in inducing spermatogenic activity outside the normal season 
for this bird (Bissonnette, 1932a; Bissonnette and Wadlund, 1931). 

A further experiment, such as the one to be described here, seemed 
necessary to test the relations of diet to this reaction. The results of 
such an experiment in general indicate that such light does not prove 
equally effective when the diet is restricted to mashed grains, relatively 
poor in proteins, fats, vitamins, and salts, and quite different from the 
diets normal for this bird; though similar to those of grain eaters like 
sparrows and perhaps pigeons at some seasons. 

The first set of experiments in January—March, 1930, are completely 
described elsewhere and will not be repeated here. They furnish 
further corroborative evidence of the effectiveness of the light exposures 
in this respect on full diets. 


STUDIES WITH ADEQUATE VARIED DIETS 


Between December, 1930, and February, 1931, birds of both sexes 
were fed a diet composed of meat, bread, vegetables (green and other- 


1 Studies on the Sexual Cycle in Birds. X. Aided by grants from the Com- 
mittee for Research in Problems of Sex and the Grants-in-aid Committee of the 
National Research Council of the United States, 1930-32, and by laboratory and 
library facilities of the School of Agriculture and Zodlogy Laboratories, Cambridge, 
England, and the Marine Biological Laboratory, Woods Hole, Mass., for which the 
author wishes to express thanks. 
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wise, cooked and raw), bacon, butter, and fruits, from the college 
dining-hall, ground in a meat-chopper and mixed with bran and wheat 
and corn meals, to make the mass mealy and not too moist to be picked 
up by the birds (Bissonnette, 1932a, and other papers; Bissonnette and 
Wadlund, 1931, 1932, 1933). The birds were exposed to light from 
electric bulbs, filtered through red and green filters, as described, and 
to unfiltered white light from similar bulbs. The experiments were 
repeated from January 24 to February 18 with the same bulbs, slightly 
weakened by use, and therefore of slightly less intensities. They cor- 
roborate the findings from the first experiments, though at a somewhat 
slower rate of activation. In each set of experiments the luminous 
intensities of the different colored lights were equal as they reached 
the roosts of the birds, at about 1.7 foot candles at first. Each set of 
experiments was controlled by birds similarly caged and fed but 
receiving no light after nightfall. 


STUDIES ON RESTRICTED ‘‘MIppDLINGS MAsH”’ DIET 


During December and January, 1931-32, at Cambridge, England, 
another experiment was carried out with red and green lights of about 
2.66 foot candles intensity and food rations consisting of ‘‘middlings 
mash’’ only, without the added meats, fats, vegetables, and fruits. 
The cages were somewhat smaller than those used most recently in 
Hartford but not smaller than those first used with results consistent 
with those from the larger cages. The more uniform light control 
consequent upon the smaller cages probably affected the results of the 
exposures to light only to make them more uniform (Bissonnette, 
1931a, d). 

Three birds, brought into the laboratory on December 18, 1931, 
and used as controls without added electric light, in an attempt to learn 
the avenue of reception of the light stimulus by the birds, were sub- 
jected to red light of 2.66 foot candles intensity for 6 hours per night 
from January 1-22, 1932. This consisted of the light from a 200-watt 
incandescent bulb filtered through an “‘H. R. Pyrometer Red”’ filter, 
from the Corning Glass Company, at 20 inches distance from the 
roost. The bulb emitted 2660 lumens and the filter transmitted 3.5 
per cent of the luminous intensity. As the birds spent most of their 
time on the roost and at the food tray, set at the same level, this was 
the most accurate and constant means of controlling the light flux 
reaching the birds. Slight variations of intensity, due to different 
positions on the roost and with relation to it and to the light source, 
could not be eliminated without interfering with the freedom of action 
of the birds and must be taken into account in considering the results. 
They undoubtedly led to variations of effect on individual birds. 
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Two birds in a similar cage received the same intensity of green 
light filtered through a ‘‘Sextant Green”’ filter from the same company, 
transmitting 8.75 per cent of the luminous intensity from a 100-watt 
bulb at the proper distance from the roost. These birds received their 
green light exposures from December 18 to January 22—35 days. 

No birds in either cage died between January 1 and 22, the period 
of experimental red light treatment. They had evidently acclimated 
to the confinement and to the other conditions of the experiment by 
that time. 

The three birds from the red-light cage (2 males and 1 female) and 
the two from the green-light cage (both males) were killed by pressure 
in the hand as described in previous papers. Their gonads and other 
reproductive organs were taken, killed, and fixed at once in Bouin’s 
fluid for 24 hours, dehydrated, and cut from paraffin, stained in Heiden- 
hain’s iron hematoxylin, and mounted in balsam. Sections were cut 
7.5 and 10 microns thick. From these preparations photomicrographs 
were made at 335 diameters in all cases, for study and final comparison 
as a supplement to study of the slides. These are reduced in reproduc- 
tion for the figures in Plate I to about 240 diameters. 

After removal of the intestines, feathers, wings, and legs, the bodies 
of the birds with the other endocrine glands were preserved for further 
study of those organs. 


Figures 1-9 are photomicrographs taken at 335 diameters and reduced in repro- 
duction to about 224 X. 

Fic. 1. Testis section from a mature bird subjected to experimental red light 
treatment with 1.7 foot candles for 6 hours per night from December 10 till January 2, 
1931 (23 days), on a complete mixed diet. 

Fic. 2. Testis section from a young bird subject to similar treatment to that 
of the bird used for Fig. 1. 

Fic. 3. Testis section from ‘‘control’’ bird (mature) on similar diet but with- 
out experimental red light treatment for the same time as the birds used for Figs. 
1 and 2. 

Fic. 4. Testis section from a mature bird subjected to red light exposures at 
1.7 foot candles for 6 hours per night from January 24 to February 18, 1931 (25 
days), on complete mixed diet. 

Fic. 5. Testis section from mature bird subject to experimental red light ex- 
posures similar to those of the bird supplying section for Fig. 4. 

Fic. 6. Testis section from a young bird used as control for birds supplying 
sections for Figs. 4 and 5, but without red light exposures at night. 

Fic. 7. Testis section from a mature bird subjected to red light exposures at 
2.66 foot candles for 6 hours per night from January 1 to 22, 1932, on a diet restricted 
to ‘‘middlings mash”’ only (22 days). 

Fic. 8. Testis section from a mature bird subjected to experimental light 
exposures similar to those of the bird supplying the section for Fig. 7. 

Fic. 9. Testis section from a bird subjected to exposures to green light of 2.66 
foot candles for 6 hours per night from December 18 to January 22, 1932, on ‘‘mid- 
dlings mash”’ restricted diet; for comparison with Figs. 7 and 8, from birds subjected 
to red light of equal intensity from January 1 to 22, 1932, on the same diet. 
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RESULTS OF LIGHT EXPOSURES ON ADEQUATE VARIED DIETS 


After 23 days of 6-hour daily exposures to red light of about 1.7 
foot candles (December 10—January 2, 1931), the testis tubules of 
four birds range from medium size, with early metamorphosing sperms 
in very small numbers (Fig. 1), to almost maximum size, with much 
more numerous germ-cells in all advanced stages of maturation, and 
numerous, almost completely metamorphosed, sperms (Fig. 2). 

Control birds, under similar conditions of confinement and food, 
but without exposures to red light after dark, had testis tubules but 
slightly above the minimal normal size and without germ-cell stages 
more advanced than spermatogonia (Fig. 3). Conditions in the 
tubules of these controls were much more uniform than in the birds 
exposed to the red light with their variations in numbers of germ-cells 
of all types. Differences in amount and distribution of pigment and 
of interstitial cells, as between stimulated birds and controls, were 
similar to those previously described (Bissonnette, 1930a, b, 1931a, }, 
1932a; Bissonnette and Chapnick, 1930, etc.) and will not be de- 
scribed again here. 

After 25 days of similar treatment later in the season (January 24— 
February 18, 1931), and with intensity slightly smaller from increased 
use of the same bulbs in the same positions, the conditions in the testes 
of birds exposed to red light varied from that with the initial appearance 
of synizesis stages and primary spermatocytes (Fig. 4) to that with 
medium-sized tubules and metamorphosing sperms (Fig. 5). Con- 
trols for the same period, in some cases, had even smaller tubules and 
fewer germ-cells than those described above (Fig. 6). 

Green light of equal luminous intensity and period of exposure 
induced some reduction of testis size in most cases, with reduced tubule 
size and fewer spermatogonia, as described in previous papers. They 
are not reconsidered here (Bissonnette, 1932a; Bissonnette and Wad- 
lund, 1931, Figs. 28, 36). 

Red light of either of these intensities induced complete spermato- 
genesis in these birds in 23-41 days, depending on the intensity and the 
relations of the birds to it, in December, January, and February. 
Testes of birds so treated passed the climax of activity, in spite of in- 
creasing periods of light per day, within a time which varied with the 
time required to induce complete activity. White light of the same 
intensity was also effective, but at a slower rate. Other experiments 
with various light combinations, intensities, and daily periods, on 
similar adequate diets, led to sperm formation in as soon as 18 days 
after first exposure to the added light, with regression following the 
climax within 48 days from the first exposures (Bissonnette and Wad- 
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lund, 1931, 1932, 1933; Bissonnette, 1932a). Green light of like in- 
tensities reduced testis size and activity. 

These experiments showed conclusively that, on a complete mixed 
diet, rich in proteins, fats, vitamins, and salts, as well as carbohydrates, 
sexual activity in these birds is conditioned by daily period, intensity, 
and wave-length of the light to which they are exposed, and that in- 
crease of daily ‘“‘doses”’ of visible long-waved light, particularly in the 
red wave-lengths, induces complete spermatogenic activity even in 
winter temperatures at the season when testes are normally at their 
minimum activity or even quiescent. Of the wave-lengths used, and 
at equal luminous intensity, red light was most stimulating, green 
was inhibitory, white was less stimulating than red, probably by 
reason of its smaller content of red wave-lengths (Bissonnette, 1932a; 
Bissonnette and Wadlund, 1931). That this was not due to differences 
in ‘“‘heat’’ intensity reaching the birds, but rather to wave-length 
specificity, was shown by the fact that white light of equal luminous 
intensity to the red and green, was not intermediate, as were its effects; 
but was two-fifths the ‘“‘heat’’ intensity of the green and one-tenth 
that of the red; but it was stimulating while green was not. The 
“heat” intensity was measured with a thermocouple with a variable 
resistance (Bissonnette and Wadlund, 1931). 


RESULTS OF LIGHT EXPOSURES WITH ‘“‘MIDDLINGS MasH#”’ DIET 
(Restricted as to Quality but not Quantity) 


The testes of the male birds exposed to red light of about 2.66 
foot candles for 6 hours per night for 22 days (January 1—22) underwent 
but little increase in activity and germ-cell maturity beyond that of the 
controls described above (Figs. 7, 8). Tubules were but slightly larger. 
In one, germ-cells were less numerous (Fig. 7) than in controls, in the 
other slightly more numerous (Fig. 8). Necrotic nuclei appeared in 
both and no germ-cells beyond spermatogonia. Interstitial cells and 
pigment were like those in controls. 

In a female from this cage, the oviduct was enlarged enough to be 
seen easily with the naked eye, and its walls considerably thickened and 
modified as compared with controls on normal mixed diet. In the 
ovary there appeared to be considerable increase in medium-sized 
follicles but much less change than occurs with similar light exposure on 
complete diets. 

Testes, and the tubules therein, from the two birds exposed to green 
light of similar intensity on the restricted diet for 35 days (December 
18—January 22, 1932) (Fig. 9), were smaller than those of normal birds 
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at the same time of year or than controls (shown in previous papers). 
Germ-cells were fewer and only a few spermatogonia were present. 
Pigment and interstitial cells were like those in controls or in winter 
birds, rather than those of January (Bissonnette and Chapnick, 1930). 
The necrotic nuclei, found in previous studies during the first 12 days of 
exposures to green light, had been cleared up by resorption before the 
thirty-fifth day in this experiment. 


LITERATURE AND DISCUSSION 


The inhibition of the full action of red light upon testis activity, 
above described, with diet restricted largely to carbohydrates but 
with increased intensity of light, may be due to one or more of several 
deficiencies of diet. The experiments here described merely show that 
such restricted diet is incompatible with the full, or any great, effect 
on testis activity by increased daily periods of light exposure or of 
added amounts of long-waved red light. They did not differentiate or 
distinguish between the possible effects of the several different factors 
or dietary deficiencies. As shown above, the effect was not entirely 
eliminated by the dietary deficiencies. There was some acceleration 
of testis activity as compared with that in controls on an adequate 
diet but without added light stimulus; but it was relatively slight as 
compared with effects of even weaker light on the adequate diets. 
Further studies are planned to analyze this problem. This prelimi- 
nary report is made lest the impression prevail that our studies indicate 
that variations of light exposure constitute the only factors condition- 
ing sexual cycles in birds. Results of this work confirm in general the 
findings of many other studies on birds and mammals, that dietary 
deficiencies lead to interference with sexual function and rhythm, and 
with the action of gonadotropic hormones or other stimulators of 
reproductive activity. 

Baker and Ranson (1932, and unpublished data) found that diet 
for voles may be a major modifying or limiting factor in relation to 
sexual cycles, either in conjunction with light cycles or without. Sim- 
ilar possible relation of diet to breeding cycles in birds is suggested by 
Bates (1908), Moreau (1931), and others cited by them, in connection 
with breeding records of birds in Central Africa, close to the equator, 
where seasonal changes of day length and of intensity of light are at, 
or near, a minimum. Many species have two breeding seasons each 
year related to the dry seasons and so to food; but the situation with 
individual pairs is not well known. In some species, the sex-glands of 
males, at least, apparently remain at breeding size and histological 
condition throughout the year, while nesting and laying are seasonal, 


DIET AND INHIBITION RESPONSE TO RED LIGHT A59 


possibly in correlation with availability of insects and protein foods 
as well as with clear skies and changes in quality or quantity of light. 

With starlings this sort of relation may obtain, so that lack of 
certain dietary factors may retard breeding and nesting activity till a 
high protein diet and certain vitamins are available for feeding the 
young (such as insects and other live food). But, that changes in food 
constituents are responsible for sexual cycles in starlings, rather than 
light cycles, is very unlikely in the light of the studies of Bissonnette 
and his collaborators, and others, in which food was identical in quality 
and completeness for both controls and experimental animals sub- 
jected to light changes; yet only those exposed to increased lighting of 
the long-waved sort underwent increased sex-gland activity (Bisson- 
nette, 1930a, b, 1931a, 6, 1932a, b, c, d, 1933; Bissonnette and Chap- 
nick, 1930; Bissonnette and Wadlund, 1931, 1932, 1933; and others 
cited by them). 

Ortiz (1931) reported that experimental beri-beri in cocks did not 
lead to alteration of sexual conditions or behavior, so lack of anti- 
neuritic vitamin may not have played a part in our results. 

Byerly, Titus, and Ellis (1933) found that type of protein, at levels 
between 11.2 and 23.6 per cent in the diet, was a factor in conditioning 
reproduction and hatchability of eggs in fowl, and that intensity of egg- 
production, egg weight, and hatchability increased with a rise of 
percentage of protein in the food, within those limits. 

Of the many studies on the relations of various vitamins to repro- 
duction, chiefly on mammals, some are suggestive as indicating pos- 
sible deficiency factors operating in our starling experiment, and may 
be considered here. 

Sure (1924a, b, 1926a, b, 1933), among his studies of dietary require- 
ments for reproduction in rats, found vitamin E necessary for fertility 
and lactation, when proteins, mineral salts, and vitamins A, B, and D 
were adequate. This vitamin E he found in wheat embryo among 
other foods, and it may have been present in the ‘“‘middlings mash”’ 
used in this starling experiment, but hardly in quantity sufficient to 
permit fully normal sexual reaction. Sure also found vitamin B 
necessary for both growth and reproduction, and that skimmed milk 
powder, at 50 per cent level in the ration, yielded enough amino acids 
of excellent quality for reproduction and with 0.2 per cent of added 
ferric citrate gave adequate minerals. However, Sure’s types of 
sterility were due largely to resorption of foetuses rather than to failure 
of oestrus. His work suggested two fat-soluble factors in wheat oil; 
one, thermostable and anti-sterile, the other, thermolabile, lactation- 
promoting. Increase in amount of fats had no beneficial effects on 
lactation. 
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Marrian and Parkes (1929) found that female rats rendered ances- 
trous by vitamin B-deficiency, or by calorific deficiency in their diet, 
when vitamins were adequate, were immediately stimulated to cestrus 
and ovulation by the administration of anterior pituitary preparations. 
So these dietary deficiencies did not prevent gonadotropic action of 
anterior pituitary hormones in excess of normal. Hill and Parkes 
(1930) also induced cestrus, copulation, ovulation, corpus luteum 

‘formation, with pseudo-pregnancy, in female ferrets during the long 
winter ancestrous period, by similar preparations. But they report 
no spermatogenic increase and no enlargement of winter testes in 
treated males, which, however, copulated with treated females with 
the above results. Bissonnette (1932c, 1933) obtained similar results 
with ferrets, so far as copulation, cestrus, and pseudo-pregnancies in 
females are concerned, and some increase in testis size due partly to 
increase in spermatogenic activity and enlargement of seminiferous 
tubules,and largely to increase of interstitial tissue; but no sperm pro- 
duction, as the result of increased lighting after dark between October 
and January. The results of Parkes et al., described above, indicate 
that excess of anterior pituitary hormone can overcome the ancestrum 
of vitamin B-deficiency and of inanition as well as the seasonal one of 
winter short days, in some mammals at least. Whether the dose re- 
quired was greater than for animals not so rendered ancestrous was not 
determined. The similarity of their results to those of Bissonnette is 
suggestive of similar cause. In mammals, males are less susceptible 
to light induction of gonad activity than females, while in birds they 
appear to be quite as much affected and probably somewhat more so, 
as has been pointed out elsewhere (Bissonnette, 1932c, 1933). 

Agnoli (1930) reported that vitamin E-deficiency induced changes 
in the seminal elements in testes of mice and that these changes could 
not be prevented by the administration of the lipid hormone from the 
anterior pituitary. On the ovary no change was induced, but the 
administration of the hormone led to enlargement of the uterus. Sex- 
glands of offspring of these vitamin E-deficient mice were modified 
also. These results are quite in harmony with those in the starling 
experiment if, as is suspected, the increase of light exposures induces 
increased anterior pituitary hormone in the blood and so induces sex- 
gland activation which is inhibited or reduced by restricted diet. 

Kudrjaschov (1930) found testis degeneration in vitamin E-defi- 
cient rats of various ages with interference with normal spermatogenic 
function, during periods up to 300 days, leading to loss of spermato- 
genic cells with loss of size of accessory sex organs, while interstitial 
tissue was unchanged. He concluded from this that the testis hor- 
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mone controlling secondary sex-organs originates in the spermatogenic 
cells rather than in the interstitial cells. The inhibition of germ-cell 
maturation and multiplication in his rats is, like that induced by 
the deficient diet in starlings, normally stimulated by the light expo- 
sures used. In starlings, however, interstitial cells of the glandular 
sort appear to be lacking, and the interstitial cells that are present 
increase in relative amount as the germ-cell elements decrease in 
volume and activity (Bissonnette, 1930a, 6, 1931a, 6; Bissonnette and 
Chapnick, 1930). 

Vezar (1931) reported that intra-peritoneal injections of vitamin 
E for over three days into infantile rats induced hypertrophy of the 
uterus, while subcutaneous injections of like amounts gave positive 
results in only 20 per cent of the cases, and oral administration 
led to hypertrophy in three cases. This reaction did not occur in 
odphorectomized animals. Vezar and Kokas (1931) found that 
deficiency of vitamin E for two and one-half months caused the fur in 
rats to become silky, a condition relieved by administration of anterior 
pituitary preparations. They therefore conclude that vitamin E has 
an effect similar to that of anterior pituitary hormones. It seems 
possible, however, that it may intensify the action of the hormone 
already being produced while its deficiency may lessen or inhibit it, as 
probably occurred with the starlings on the restricted diet. 

Aberle (1933) found that, in certain states of vitamin A-deficiency 
in rats, the standardized human placental hormone was prevented 
from inducing the usual pregnancy cells in the vaginal mucosa—another 
case of inhibition of the action of a gonadotropic hormone by dietary 
deficiency. 

Mason (1933), in a most interesting study, reported that lack of 
vitamin C or of vitamin D induced degenerative changes in the testes 
of guinea pigs and rats which were not prevented by administration 
of vitamin E; that vitamins A and E are necessary for germ-cell in- 
tegrity and activity, though their specific effects are different, and 
different from those of general inanition; that vitamin E-deficiency 
affects the later stages of germ-cells first, while vitamin A-deficiency 
permits more activity of germ-cells but depletes their numbers. Re- 
pair of rather severe inanition injury can be produced in about three to 
four weeks of feeding even with diets relatively free of protein. Re- 
pair of vitamin A-deficiency injury takes five to thirteen weeks. 
Mason has distinguished the injurious results of these different dietary 
deficiencies and finds that vitamin A-deficiency does not act through 
depletion of anterior pituitary hormone. He suggests that vitamin E 
is necessary to maintain normal nuclear physiological condition or some 
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phase of chromatin anabolism. If the same situation applies to 
starlings, deficiencies of one or all of these vitamins would account for 
failure of the stimulating light to induce much activity in the testes as 
contrasted with its great effect on complete diets. 

Considerable work has been done on the effects of deficiencies of 
proteins, fats, and minerals upon reproductive capacity. Burr and 
Sutermeister (1932) found that on given deficient and adequate diets 
there were no consistent differences in reproduction and ovulation 
between rats kept in the dark and those given 10 minutes per day of 
radiation with a carbon arc sunshine lamp. Living in total darkness 
did not seem to affect reproduction in rats on a simple and highly puri- 
fied diet. Sorour (1923) found that rats kept in darkness on a ricket- 
inducing diet developed parathyroid deficiency and a thyroid condition 
similar to that in Basedow’s disease, while those kept in light had nor- 
mal thyroids. This suggests a control of the thyroid by light through 
the hypophysis. 

Clayton (1930) found that kind or source of protein in the diet was 
a factor in conditioning reproduction and lactation in rats at a 15 to 20 
per cent level, with fats adjusted at 20 per cent level with lard (found 
detrimental to vitamin E and later omitted), and cod liver oil either 
given daily or omitted, to avoid its deleterious effect when mixed with 
the food. Dried egg and kidney were superior to liver and milk pro- 
teins and these to muscle protein, probably because of differences of 
mineral content. As vitamin E-content decreases in the order: egg, 
milk, round, liver, kidney, the difference could not be due to vitamin E- 
content alone but to differencesin protein. Clayton believes the supe- 
riority of egg over other forms of protein is due to its vitamin E-content 
at the 20 per cent level, more adequately supplemented by minerals 
and other vitamins. In the raw state, kidney was most adequate for 
reproduction. Raw egg and raw beef round were poorly assimilated. 
Vegetable foods proved low in protein and in the fat-soluble vitamin B 
needed. 

Swanson and Nelson (1933), using a 15 to 30 per cent protein diet, 
found dried pork muscle inadequate for reproduction in albino rats, 
except in two cases at the 30 per cent level, whereas beef muscle in the 
same proportions had no bad effect. This indicated that source and 
type of protein in the diet affect reproductive faculty. 

Russell (1932) found that addition of fresh beef or meat scrap 
to a milk-wheat diet improved reproduction as well as growth rate 
and vigor of young, in white rats, while dried yeast instead only 
slightly improved reproduction. He concluded that this benefit of 
meats could not be chiefly due to increased calcium and phosphorus or 
to increase of the Ca : P ratio. 
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Slonaker (1931) found that efficiency of reproduction in rats was 
at a maximum when proteins were at the 14 per cent level in the diet 
and fell off in the following order of percentages of proteins: 10, 18, 
22, and 26. Sterility in males was greater than in females in each 
group and sex ratio was below normal in all groups, with a suggested 
prenatal mortality greater in males than in females, postnatal mortality 
greater in females. Length of reproductive span, sex ratio of litters, 
annual number of litters and of young were in the same order related to 
percentages as above. In size of litter, the 10 per cent group was 
first, the 14 per cent next, and the others in the same order. In the 
first three groups males had a longer reproductive span than females; 
the reverse in the other groups. The period of gestation was, from 
shortest to longest, in the following order: 10, 14, 26, 22, 18 per cent. 

Evans and Bishop (1922a, 6) found length of cestrous cycles closely 
correlated with state of nutrition of experimental animals; that the 
5-day or less cestrous cycle of normal rats on a standard diet was either 
lengthened or otherwise modified by starvation or by deficiency in 
proteins, fats, mineral salts, or vitamins; that deficiency of vitamin B 
or of A gave prolonged dicestrus and cornified stages (2 and 3). Hoff- 
man (1923) confirmed this for rats on an exclusive bread diet, and 
Wolfe (1930) for mice on a diet deficient in mineral salts. Macy, 
Outhouse, Long, and Graham (1927) confirmed this for deficiencies 
of vitamins A and B; but Parkes and Drummond (1926), Coward 
(1929), and Coward, Morgan, and Dyer (1930) did not. 

Lin (1931) and Wu and Chen (1929) found that vegetarian rats grow 
slower and fail to reach as great a maximum weight as those on omnivo- 
rous milk-wheat diet and also suffer from a mild form of nutritional 
deficiency. Lin, Tsai, and Wan (1932) found that oestrous cycles were 
not affected by mild nutritional deficiency, but were lengthened by 
very poor diet with prolonged dicestrous intervals, but no change in 
cornified stages. 

The foregoing studies indicate that both quantity and quality of 
proteins must be adequate to permit proper reproduction in rats, 
mice, and guinea pigs, and, probably, in other animals. Quantity 
of proteins was not determined in our deficient diet nor in the complete 
ones; but it was doubtless deficient both in quantity and quality in the 
former and adequate in the latter. 

Bryan and Gaiser (1932) reported that both diet and increased 
amounts of anterior pituitary hormone are factors in increasing growth 
rate in adolescent male rats, and that both at the optimum together 
give maximum growth response. Diet affected the response to an- 
terior pituitary hormone. 
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Agduhr (1931a, 6) found that, with dogs, cats, and white mice, 
addition of medicinal cod liver oil prevented cestrus and ovulation 
and, in some cases, affected the testes. Taken in connection with the 
destructive effect of red light upon vitamin D in irradiated ergosterol, 
discussed elsewhere, this suggests the possibility that cod liver oil with 
vitamin D may be antagonistic to red light in action on sex glands and 
sexual cycles and that in some way it is tied to the calcium balance so 
that vitamin D raises the calcium in the system and interferes with the 
anterior hypophysis, the ovaries, and, less often, the testes. 

Taken together, the preceding studies indicate a profound influence 
of diet upon reproductive rhythm and capacity through the presence 
or absence of vitamins A, B, D, E, through general inanition from 
nutritional deficiency, and through different proportions of proper 
proteins, fats, and mineral salts. Such deficiencies appear to induce 
conditions in testes similar to those shown by starlings and ferrets in 
winter, with the germ-cells limited to spermatogonia. These end re- 
sults are induced in different ways by the different types of deficiency. 
Inadequate diets prevent or limit the action of anterior pituitary 
hormones much as they prevented or reduced the effect of red light in 
these experiments with starlings. 

It is of interest here that Kiistner (1932) found that anterior 
pituitary gonadotropic hormones were apparently destroyed by ultra- 
violet light, while their effectiveness was intensified by radiation with 
red light, so that the Aschheim-Zondek test for the presence of the 
gonadotropic hormones in urine could be read off in immature mice 
after 60-72 hours if the mice were kept in red light during the test, 
instead of the usual 96 hours under ordinary lighting conditions. Tests 
indicated that the hormone was present in both active and inactive 
forms in prolan, and that red light converted the inactive into the 
active form, increasing the active amount, and that ultra-violet rays 
reversed this action without destroying the hormone. 

Whether the normal effect of added red light on starlings is to con- 
vert inactive gonadotropic hormone into its active form, thereby in- 
creasing its effect upon the gonads and indirectly on the accessory sex- 
organs, or to stimulate the hypophysis to increased secretion or libera- 
tion of the hormone into the blood stream to be effective, still remains 
an open question requiring further analysis. But that this effect is 
lessened by a restriction of the diet is beyond serious question. 


SUMMARY AND CONCLUSIONS 


1. The effects on testis activity of red light at about 1.7 foot candles 
for 6 hours per night with starlings on a complete and varied diet are 


Ly are 
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compared with those of red light at about 2.66 foot candles for the 
same time per night on similar birds fed a diet restricted to ‘‘middlings 
mash,”’ poor in proteins, fats, vitamins, and mineral salts, and with 
controls on the complete diet without added red light. 

2. The experiments were carried out in January and February for 
22, 23, and 25-day periods. 

3. On the complete diet, red light at 1.7 foot candles for 23 days 
led to large increase in testis size and in tubule cross-section, with 
metamorphosing sperms, in January; and, in February, with the same 
bulbs at slightly weakened intensity due to use, to a slightly less in- 
crease and to less advanced germ-cell stages, in 25 days. 

4, On the restricted diet, the increase in testis size, tubule section, 
and spermatogenic activity was relatively slight, leading at most to 
multiplication of spermatogonia. 

5. This is taken to indicate that restricted diet is a factor limiting 
the effectiveness of the light stimulus, or response to it, so far as sexual 
activity in male starlings during the long winter period of quiescence is 
concerned. 

6. Cases from the literature are cited, in which lack of vitamins, 
proteins, fats, and mineral salts, either singly or in combination, has 
interfered with sexual activity or with the action of growth and gonado- 
tropic hormones of the anterior pituitary, and their bearing on these 
experiments discussed. 

7. Cases are cited and discussed in which long-waved light has 
increased the amount and effectiveness of anterior pituitary hormones 
and short-waved rays have decreased them. 

8. It is concluded that increase of exposures to long-waved light 
can only be completely effective in inducing sex-gland activity, in 
starlings and at least some other animals, when the diet is rich in vita- 
mins, proteins, and fats, as well as carbohydrates. The relative 
effects of deficiencies in each of these different requirements were not 
investigated. 
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CONDITIONS AFFECTING THE RESPONSE OF THE 
AVICULARIA OF BUGULA 


ALEXANDER FORBES 


(From the U. S. Bureau of Fisheries and the Marine Biological Laboratory, Woods Hole, 
Massachusetts) 


INTRODUCTION 


The avicularia, or “‘bird’s heads,” on the Bugula which abound in 
the waters around Woods Hole present an interesting example of 
primitive muscular mechanism—interesting both from the point of 
view of physiology and from that of their utility to the colonies in 
which they are found. Two species of Bugula (B. flabellata and turrita) 
are common in this vicinity. Each zoéid consists of a shell into which 
the polypid with its ring of ciliated tentacles can on appropriate stimuli 
be retracted. Normally each zoédid has also an avicularium growing 
on the outside of its shell as an appendage apparently quite distinct 
from the rest of the organism. Indeed active avicularia are sometimes 
found on dead zoéids in which the rest of the organism is already de- 
composed. The avicularium has an extraordinary resemblance to 
the head of a hawk or eagle, the hooked beak and the articulation of 
the lower jaw or mandible being almost identical in shape with those 
of the bird (Figs. 1 and 2). Usually the beak is held wide open, the 
angle between the jaws being about 150°. To quote Harmer (Cam- 
bridge Natural History, Vol II, p. 484), ““. . . A great part of the head 
is filled with a strong muscle, whose fibers exhibit a distinct transverse 
striation, and converge into a median tendon. . . . The muscle serves 
to close the jaws. . . . The lower jaw is opened by means of a pair of 
muscles... .” 

“Within the jaws, in the region which we may term the palate, is a 
rounded knob, which bears a tuft of delicate sensory hairs, which 
doubtless enable the avicularium to recognize the presence of any 
foreign body. The closure of the mouth may, indeed, be instantane- 
ously induced by touching it with the point of a needle.”’ 

When a branch from a colony is placed in sea water under a micro- 
scope the avicularia are seen to sway back and forth on their stalks in 
the sagittal plane, usually remaining from two to ten seconds in the 
backward position and five to twenty seconds in the forward position; 
occasionally the entire cycle is as brief as five seconds or less. At 


intervals of a minute or two the beak closes with a quick snap, and 
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after remaining closed for from one to five seconds or so, opens again, 

whereupon the avicularium continues swaying as before. Usually the 

closure occurs during the forward swing of the swaying motion. As 

far as was observed, the swaying always ceases while the beak is closed. : 
As to the biological significance of this structure, Hertwig (p. 323) 


Fic. 1. Microphotograph of avicularium when beak had been closed and 
swaying stopped by injection of fresh water. The branch of the colony was broken 


close to the attachment of the avicularium; this afforded an exceptionally clear 
background. 


\ 


Fic. 2. Diagram of avicularium with beak open, showing tuft of hairs on 
rounded knob. The position of the muscle in the crown of the head is shown by 
radiating lines. 


states that it has been seen to seize and hold small animals, and sug- 
gests that its function is to feed the colony. In Parker and Haswell (p. 
352) a defensive function is suggested. Harmer (Joc. cit. pp. 485-487) 
says, ‘‘In the course of some observations . . . on Bugula calathus at 
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Naples, a fine hair offered to a small colony was seized with such force 
by the avicularia that the entire colony was lifted out of the water by 
the hair. The same colony had captured (1) a small Nerezs, which it 
held with several of its avicularia; (2) an Anisopod Crustacean, 25 mm. 
long; and (3) a small Amphipod, which was held by one of its an- 
tenne. . . . Curiously enough, however, an avicularium did not 
necessarily close even when part of a captured animal was actually in 
its mouth. The avicularia made no attempt to place themselves in an 
advantageous position for catching fresh parts of the Nereis, which 
they might easily have done. The avicularia which had captured 
prey remained motionless. The others moved backwards and for- 
wards . . . ten times in 3/4 to 1 minute, snapping their jaws perhaps 
once in that time. The two Crustacea were still retained by the 
avicularia two days later. On the next day they had both disappeared ; 
but the colony had again caught the Nereis, which had previously 
effected its escape with the loss of nearly all its tentacular cirri . . . it 
cannot be doubted that the avicularia can prevent inquisitive worms 
from straying at will over the surface of the colony.” 

In 1905, in the laboratory of the U. S. Fish Commission at Woods 
Hole, an attempt was begun in collaboration with Dr. E. B. Krumb- 
haar, to ascertain the nature of the stimuli and environmental condi- 
tions which give rise to the closure of the beak. The speed of closure 
is characteristic of the contraction of striated muscle. The question 
arises as to how the muscle is caused to contract. Bearing in mind 
the theory that the avicularia aid in feeding the colony, we selected a 
nutrient material for our first test. A branch from a colony was placed 
in sea water in a shallow glass dish under a microscope and the avic- 
ularia were watched for some time. One selected for observation was 
seen to snap shut at intervals of approximately 100 seconds. A mussel 
was then broken open and some of the fluid from its shell drawn into 
a fine glass pipette. This material was then squirted into the water 
surrounding the avicularium under observation. Immediately the 
interval between successive closures fell to about 8 seconds, but soon 
increased again to approximately its previous value. . 

As acontrol, sea water was similarly squirted at the structures under 
observation, in order to ascertain whether the effect had been due to 
the current of fluid. No increase in frequency of closure appeared to 
follow this procedure. 

In another test, a solution of cane sugar was injected into the field. 
No response to this procedure was observed. 

Further experiments have been conducted at the Marine Biological 
Laboratory at intervals since the preliminary observation, in the quest 
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for more light on the problem. The material has been Bugula turrita, 
usually scraped from the piles of the wharf, but in some experiments 
small colonies grown in the laboratory on glass slides by Dr. Young 
were used. The latter had the advantage of freedom from foreign 
material with which the colonies are usually encumbered. 


METHOD 


The method which proved most satisfactory was to break a small 
branch from the colony, large enough to include a few dozen zoéids, and 
place it on the floor of a Stender dish with a small glass weight resting 
on the stem or base of the branch to steady it and keep the zodids under 
observation fairly still in the microscope field while the test substance 
was being introduced. Under a low power microscope one or more of 
the avicularia were observed and their activity when undisturbed was 
carefully noted. Attention was chiefly focussed on the frequency of 
closure, but in some of the experiments the character of the swaying 
was also noted. 

After the effect of the test substance had been observed it was freely 
washed out with sea water and the material was examined until it was 
evident that typically normal conditions were re-established before 
another test was made. 

The time of closure and opening was usually recorded by rapid 
reference to the second hand of a watch. Ina few experiments it was 
recorded on a smoked drum with a signal magnet operated by hand. 
This procedure enabled the observor to watch the material without 
interruption. 

RESULTS 

As already stated, in the first experiment mussel juice strikingly 
increased the frequency of closure. In many subsequent experiments 
the same procedure produced the same result with perfect regularity. 
A typical example follows. A field was found in which 10 avicularia 
could be seen at once. Of these, 2 held their beaks closed; the remain- 
ing 8 were swaying with their beaks open. Occasionally one was seen 
to snap shut. Later when 7 were in the field, 3 or 4 of them were ob- 
served to snap during a 50-second interval while they were-continu- 
ously watched. After this, mussel juice, drawn directly from the 
shell, was injected. Apparently all avicularia in sight snapped within 
1 or 2 seconds of the time the injection entered the field. A single 
avicularium was then watched and the times of successive closures 

-recorded as follows: 8, 8, 10, 15, 20 seconds. Two or three minutes 
later the frequency of closure was still above normal. Twelve minutes 
after the injection the frequency had returned approximately to normal. 
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Another effect of these injections was a marked increase in the swaying 
of the avicularia. Similar results were frequently obtained with the 
juice of the clam and quahog. In two experiments fresh cow’s milk 
wasinjected. In one of these an apparently positive result of increased 
frequency of snapping was observed; in the other, no effect. Again 
dilute solutions of sugar in sea water appeared to be wholly without 
effect. 

In one experiment a solution of 20 per cent ethyl alcohol and sea 
water was injected. The injection was immediately followed by 
vigorous withdrawal of the tentacles of the polypids into their shells. 
No closure of the avicularia was observed, and about a minute after 
the injection all motion ceased. The avicularia had stopped swaying, 
and all the beaks remained wide open. 

The injection of a solution of sodium chloride of much higher con- 
centration than sea water was followed by closure of the beaks and 
cessation of swaying. Instead of opening as usual, the beaks remained 
closed. After 5 minutes the salt solution was washed away with fresh 
sea water, and 2 minutes later the avicularia were again swaying in 
normal fashion and occasionally snapping shut as usual. In a number 
of subsequent experiments this effect was tested by merely concentrat- 
ing the sea water by boiling down to about 40 per cent of its original 
volume. Considerable volumes of this concentrated sea water were 
injected into the field of observation. Since the injections were diluted 
by the sea water in which the preparation was immersed, it was impos- 
sible to make these observations quantitative. It was evident, how- 
ever, that with strong concentrations the avicularia regularly closed 
their beaks, stopped swaying and remained motionless with their 
beaks closed for an indefinite time. With weaker concentrations a 
fairly rapid series of closures would be induced, similar to those which 
followed injections of mussel juice. Sometimes after two or three 
closures the beak would remain closed as in the case of stronger injec- 
tions. In other cases, after remaining closed for half a minute or so, 
the beak would gradually open and resume its normal activity. This 
effect is presumably explained as the result of return to normal concen- 
tration of sea water through diffusion. 

In three experiments the effect of dilution was tried by injecting 
fresh water into the field. The effect was somewhat similar to that of 
concentration, in that a small quantity of fresh water seemed to cause 
frequent closures of the beak, whereas larger quantities caused the 
beaks to close and remain closed and motionless (Fig. 1). As in the 
case of concentrated salt solution, even after the beaks had remained 
closed and motionless for several minutes, they could be made to 
open and resume their normal swaying by returning them to sea water. 
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Chemical Stimuli 


It was suggested by Professor G. H. Parker that the effects of vari- 
ous ions should be investigated. The following substances were tried: 
—acid (HCl), alkali (NaOH), MgSOu., CaCl. and KCl. None of these 


TABLE I[ 
Reagent Scr E Effect on avicularia Effect on polypid tentacles 
NaOH | 0.002 N Slightly increased swaying, | Not noted. 
no closure. 
0.1 N Delayed permanent closure. | Activity, then retrac- 
tion. 
HCl 0.001 N No effect. Increased activity. 
0.002 N Rapid closure, then opening | Not noted. 
0.01 N with cessation of swaying. 
0.02 N Closure, followed by slow | Not noted. 
incomplete opening. 
0.1 N Rapid permanent closure. Retraction. 
MgSO, Slight, doubtful increase in |} Not noted. 
frequency of closure. 
CaCle Concentrated. Doubtful increase in clo- | Not noted. 
sures. 
Dilute. Slight, doubtful increase in | Not noted. 
closures. 
KCl 1 gram in 20 cc.| No closure, cessation of | Not noted. 
sea water. swaying. 


Diluted till not | Rapid closure, then opening | Retraction. 
refractile in sea | with cessation of swaying. 
water. 


produced such striking effects on the avicularia as did the juice of the 
mussel and clam. In some experiments the activities of the tentacles 
of the polypids, as well as those of the avicularia, were noted. The 
results are shown in Table I. 

It should be noted that the concentration given is that of the in- 
jected fluid, which necessarily became diluted to an unknown extent on 


injection into the field. In the case of CaCl», its solution in sea water — 
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resulted in the formation of crystals. To avoid mechanical effects, 
these were allowed to settle and the clear fluid above was used. This 
appeared highly refractile when dropped into sea water, and in some 
experiments, in order to minimize osmotic effects, it was diluted with 
fresh water till the refractile effect disappeared. 

The most striking result in this series was the effect common to 
alcohol, KCI, and weak HCl. . Whereas normally the avicularia only 
cease swaying when the beaks are closed, these three reagents caused 
cessation of swaying with the beaks open. 

In one experiment some of the mussel juice was tested with cresol 
red and found to have a pH of about 7.4. The pH of sea water, 
measured with thymol blue, was found to be about 8.2 to 8.4. From 
this it might be questioned whether part of the reaction of the avicularia 
to mussel juice could be due to its acidity. The differences in the 
reactions to the two agents, described above, renders this highly im- 
probable. 

Several experiments were tried with solutions of egg albumen. 
The albumen was stirred up in about twice its volume of sea water. 
After stirring it did not appear to go completely into solution, but 
fluid drawn from the upper layer, z.e. above the albumen lying visibly 
in the bottom of the dish, when dropped into sea water showed dis- 
tinct refractile effect, and greater density than sea water, by sinking 
to the bottom. Injection of this solution caused a marked positive 
response. Several avicularia started closing fairly regularly at inter- 
vals of from 3 to 15 seconds and continued to do so for some time. 
This procedure was repeated several times in different experiments 
and always produced similar results. In one instance the increased 
frequency of closure was observed for as long as 4 minutes after the 
injection. This persistence of the increased frequency of closure 
seemed to place the response in the class with the response to injec- 
tions of mussel juice, rather than with the response to concentrated 
sea water, whose effect, when marked, terminated with permanent 
closure and cessation of activity. In one experiment the solution of 
egg albumen and sea water was diluted with fresh water till it appeared 
less dense and slightly less refractile than sea water. This diluted 
solution appeared to cause a slight doubtful response in a few avicularia 
somewhat similar to that of the potassium chloride. Some of the al- 
bumen solution was then carefully mixed with fresh water till it seemed 
to have about the same density as sea water. An injection of this 
solution was followed by occasional closures of one or two avicularia, 
but again it was doubtful if this was a true positive response. Cer- 
tainly it was not nearly so marked as that produced by a dense solution 
of albumen. 
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To eliminate the possible effect of solids, some of the mussel juice 
was filtered. The filtrate caused a visible refractile effect when 
dropped in sea water. This filtrate, when injected into the field caused 
in the avicularia a positive response almost as pronounced as that which 
occurred when mussel juice with all its solids was injected. Limulus 
blood injected into the field caused no apparent effect. In another 
test, filtered Limulus blood was injected. Within 40 seconds 3 avic- 
ularia were seen to snap, which suggested a positive response, but must 
be considered doubtful. Apparently the most pronounced positive 
response is caused by solutions having a marked density, such as the 
juice of the mussel and the clam or fairly concentrated solutions of 
albumen. 

That this effect may be due in part to a high osmotic pressure of 
the solution is suggested by the fact that closure is induced by con- 
centrated salt solution. On the other hand, since the response to 
strong salt solution usually differs from that evoked by albumen, in 
that the result is usually a permanent closure or at least a closure more 
prolonged than normal, rather than an acceleration of the frequency 
of normal closures, and since albumen solution is characterized more 
by density than by a high osmotic pressure, it may be inferred that the 
mass of the molecules may be a significant factor rather than the os- 
motic pressure. 

Thermal Stimuls 

The effect of heat was tested by injecting sea water warmed to 
between 28° and 36°C. This caused acceleration of swaying, and 
possibly a slight increase in closure. 


Electrical Stimula 


Electrical stimuli were tried in several experiments. Electrodes 
were applied to opposite sides of the field of observation. In some 
experiments galvanic currents from a 3-volt battery were employed; 
in others faradic stimuli from the secondary coil of an inductorium, 
rapidly interrupted (tetanizing) currents being delivered by means of a 
vibrating armature. Neither galvanic nor faradic currents of any 
strength employed appeared capable of stimulating the closing muscle 
of the avicularium. The beginning of the constant current or of the 
series of induction shocks was always promptly followed by retraction 
of all the polypids into their shells, but the avicularia seemed to con- 
tinue swaying without giving any visible response. On one occasion 
when the current was strong enough to liberate bubbles of gas in the 
sea water one avicularium was seen to close when one of the electrodes 
was brought very close toit. On another occasion faradic stimulation, 


orl 
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much stronger than was required to induce retraction of the polypids, 
appeared to cause a slight delayed response in the avicularia. Since 
in no instance did the closure of the beak follow immediately on appli- 
cation of the electrical stimulus, but if at all, only after a strong current 
had been flowing for several seconds, it may be inferred that such stim- 
ulation as occurred was due to the electro-chemical effects of the current 
passing through the sea water and not to a direct electrical excitation 
of the muscle. It is remarkable that this striated muscle, which is so 
readily responsive to certain types of stimuli, should be so refractory 
to electrical stimuli whose effect on the muscles of the adjacent polypids 
was so marked. 
Mechanical Stimuls 

It was only after most of the experiments thus far described had 
been performed that I became aware of the existence of the tuft of 
hairs within the angle of the jaws, described by Harmer. These struc- 
tures are small and can only be seen upon careful examination with 
fairly high power. The opinion expressed by Harmer, that these hairs 
are sensory receptors for tactile stimuli, suggested a new line of inquiry. 
The most effective substances thus far tried had been the juice of the 
mussel and the clam, which contained a considerable amount of solid 
material whose contact with the hairs might have caused the response. 

Two procedures were adopted to test the question whether the 
hairs might serve as receptors for tactile stimuli or indeed might prove 
to be the only effective means of evoking a response in muscle. One 
was the comparison of the effects of the entire mussel juice, including 
its solids, with that of the filtrate, from which the solids had been 
removed. The other was to introduce insoluble solids which could 
fairly be assumed to be chemically inert. The result of the first pro- 
cedure has already been described. Filtered mussel juice proved 
effective in increasing the frequency of closure of the avicularia, al- 
though probably not quite so effective as the whole mussel juice in- 
cluding the solids. From this and from the effect of albumen solution 
it may be inferred that mechanical contact of solids with the hairs is 
not the only possible source of stimulation. 

In several experiments the direct effect of inert solids was tried. 
The substances employed were suspensions of clay which had been 
washed repeatedly in sea water to remove any soluble substances 
which might confuse the effect, and MgO, the crystals of which are 
apparently quite insoluble in sea water. A considerable number of 
injections of clay were made, and a majority of these were followed 
quite promptly by closure of one or more avicularia under observation. 
A few tests were negative, but a majority seemed to show a fairly 
definite positive response. A certain percentage of negative results 
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in such a test is to be expected, since it is a matter of chance whether 
any particles of clay come in contact with the hairs in a particular 
avicularium. 

Several tests were made with suspensions of MgO crystals. In 
some ways this material was more satisfactory than clay, since the 
crystals formed a more even suspension with less tendency to obscure 
the field. The fairly rapid rate with which’ they sank facilitated ob- 
servations in the following manner. A drop of the suspension was let 
fall from a pipette directly over the field of observation. The crystals 
would then sink in a few seconds to the bottom, and the moment at 
which they reached the focal plane of the microscope, including the 
avicularia under observation, could be observed and the effect noted. 
Several times this procedure produced a fairly striking positive result, 
_ of which the following is typical. When a cloud of crystals reached the 
focal plane, 4 out of 5 or 6 avicularia in the field snapped almost simul- 
taneously and 3 of them repeated snapping at intervals of 10 seconds 
or less thereafter. When the MgO had been freely washed away, the 
avicularia returned to their usual slow frequency of closure. In some 
experiments no response to the injection of MgO crystals was seen, 
although in at least one instance the crystals appeared to come in 
contact with the hairs as the avicularia swayed forward. The failure 
in these cases may well be explained on the supposition that the mass 
of the crystals which collided with the hairs in these instances was too 
small to provide an adequate stimulus. In one experiment the crystals 
which formed when anhydrous CaCl, was dissolved in sea water ap- 
peared to produce a similar positive effect on two of the avicularia in 
the field. 

In spite of the difficulty of insuring positive mechanical stimulation 
by the injection of solids, enough instances of response followed these 
injections to warrant the conclusion that solid masses in some way tend 
to cause closure of the beaks. The best evidence of this sort came 
through a fortunate accident. In one experiment, while an avicula- 
rium was well placed in the field for careful observation, a small plana- 
rian was seen to crawl along the branch of the colony. As the worm 
approached the avicularium its anterior end was seen to come squarely 
in contact with the tuft of hairs in the angle of the wide open jaws. 
Instantly the jaws snapped shut upon the head of the worm. The 
immediate response to this contact seemed to leave little doubt that 
the hairs had indeed acted as receptors to the tactile stimulus, thus 
confirming the assumption expressed by Harmer, as did occasional 
closures on contact with other foreign bodies. Clearly contraction of 
the closing muscle can be evoked by adequate mechanical disturbance 
of the tuft of hairs within the jaws. 
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SUMMARY 


1. Attempts have been made to throw light on the function of the 
avicularia of Bugula by noting the effect of various physical and chem- 
ical agents on their activity. Both concentration and dilution of sea 
water caused prolonged closure of the beaks, with cessation of swaying. 
Slight concentration and dilution caused rhythmic closing and open- 
ing of the beaks, the periods of closure being relatively longer than 
normal. Strong alkali (NaOH) and acid (HCl) caused lasting closure, 
although in the case of alkali the reaction was less prompt than with 
acid or concentrated sea water. Weak alkali accelerated the swaying, 
but did not cause closure. Weak acid caused rapid closure followed by 
opening and cessation of swaying. Inorganic salts did not cause any 
pronounced reaction, although KCI caused a response similar to weak 
HCl—a single closure followed by cessation of closure and of swaying 
of the avicularia, the beaks remaining open. 

2. The fluid drawn from the shell of the clam or the mussel regularly 
caused a great increase in the activity of the avicularia, and in the 
frequency of closure. Albumen solution caused nearly as marked a 
reaction, but its effect largely disappeared when the solution was diluted 
to the same density as the sea water in which the Bugula lay. Sugar 
solution produced no effect. The effect of mussel juice was not wholly 
due to solids in suspension, since it was nearly as marked in the case of 
the filtrate from which the solid particles had been removed. 

3. Mechanical stimuli due to injections of inert solids in suspension ° 
in sea water are effective in causing closure. These stimuli probably 
act on the tuft of hairs in the angle of the jaws. This was strikingly 
shown by the prompt closure when the head of a worm came in contact 
with the hairs. Harmer reports a similar response to touching them 
with a needle. 

4. No response could be produced by electrical stimulation, even 
when the current caused all the polypids to be promptly retracted. A 
slight delayed response occasionally following a very strong stimulus 
was probably due to electrochemical effects. 
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MARINE BACTERIA AND THEIR ROLE IN THE CYCLE 
OF LIFE IN THE SEA 


Ill. THE DIsTRIBUTION OF BACTERIA IN THE OCEAN WATERS AND 
Mups Asout CAPE Cop! 


HERBERT W. REUSZER? 


INTRODUCTION 


A considerable number of investigations concerning the number of 
bacteria and their distribution in sea water have been made. Among 
the earliest of these was that of Russell (1892, a and 6, 1893), who 
conducted systematic studies of the distribution of bacteria in the 
Gulf of Naples. He found bacteria in small numbers to be uniformly 
distributed in the water at distances of 3 to 15 kilometers from shore 
and at depths ranging from 50 to 1,500 meters. It was found by 
others (Cassedebat, 1894; de Giaxa, 1899) that while the water of 
harbors and bays might contain large numbers of bacteria, this number, 
as determined on the ordinary solid bacteriological media, became very 
small at comparatively short distances from shore. Bassenge and 
Fischer (1894, a and 6), who investigated the water over a wide area 
_of the Atlantic Ocean, found bacteria in larger numbers than have any 
other investigators. The largest numbers, however, were found near 
land or in the presence of large quantities of floating sea weed. Lloyd 
(1930), in her investigations in the Clyde Sea area, followed the distri- 
bution of bacteria at five stations during the course of a year. In the 
rather shallow waters of this region, the surface water was found to be 
richest in bacteria, the number decreasing with depth but usually in- 
creasing slightly again at the bottom. The numbers in the surface 
water fluctuated considerably but no definite seasonal trend could be 
detected; below the surface the numbers were remarkably constant 
throughout the year. Numerous, usually somewhat fragmentary in- 
vestigations, ranging from polar to tropical waters, have almost in- 
variably shown small numbers of bacteria to be present in the sea water. 
Among these may be cited those of Frankland and Burgess (1897), 
Levin (1899), Otto and Neumann (1904), Gazert (1912), Berkeley 
(1919) and Lipman (1929). The results of recent investigations such 
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as those of Cholodny (1929) and Rasumow (1932), in the direct micro- 
scopic examination of sea water, indicate that bacteria are much more 
abundant than the cultural methods used by previous investigators 
have shown. 

Studies concerning the bacteria of marine bottom deposits have 
been few. Russell (1892 a) studied the distribution of bacteria in the 
mud of the Bay of Naples simultaneously with his studies of bacteria 
in the water. This included mud at depths ranging from 50 to 1,100 
meters below the surface of the water and exténding to 15 kilometers 
from land. He found that down to depths of 200 meters, the number 
of bacteria decreased with distance from land, the range being from 
70,000 to 285,000 bacteria per cubic centimeter of mud. Below 200 
meters the number remained more constant. He had no satisfactory 
explanation to offer for this distribution. In work of the following 
year (1892 6) on the mud of Buzzards Bay on the Massachusetts coast, 
he found smaller numbers of bacteria than at Naples, a fact which he 
correlated with the lower water temperature in Buzzards Bay. The 
number of bacteria in sand bottom was much lower than in mud. 
Russell considered the mud to have a bacterial flora indigenous to 
itself, since two or three species of bacteria normally found only in the 
mud made up 30 to 50 per cent of all the bacteria present. Fischer 
(1894 a) and Gazert (1912) appear to be the only investigators who 
have studied the bacteria in deep sea deposits. Neither found bacteria 
to be very abundant in deposits of this nature. From many of their 
samples no bacteria developed. Their results are in direct contrast 
with those obtained from marine mud near shore. In the chalky mud 
of the flats about Andros Island in the Bahamas, Drew (1913) found 
bacteria to be present up to the number of 160,000,000 per cubic centi- 
meter. Lipman (1929) and Bavendamm (1932) likewise found very 
large numbers of bacteria in these deposits. Lloyd (1931), in her sys- 
tematic investigations in the Clyde Sea area, found bacteria up to 
300,000 per gram of dry mud in the surface layer of mud. The number 
of bacteria decreased with depth and in the lower depths of the mud 
remained fairly constant. In the upper layers of mud there was in 
certain cases a bacterial zonation which was probably correlated with 
the stratification of the mud into organic and inorganic layers as 
noted by Schokalsky (1928) and Moore (1931). 

The literature of marine bacteriology has recently been reviewed 
. extensively by Benecke (1933), but the brief review above is sufficient 
to indicate that the work in general has been fragmentary in nature. 
There have been few studies of the distribution of bacteria in the sea 
in which an attempt was made to establish definitely the significant 
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factors with which the observed changes in bacterial numbers might 
be associated. The supplementary data obtained by various investi- 
gators is in most cases so scanty as to make it impossible to correlate 
the results of one investigator with those of another. 

The studies reported below represent preliminary results in a more 
extensive study of the occurrence of bacteria in the sea and the factors 
influencing their distribution. The areas investigated were the con- 
tinental slope south and east of Cape Cod, the Gulf of Maine, and 
certain of the bays adjacent to Cape Cod. The station locations, with 
the exception of those in Buzzards Bay and the Gulf of Maine, are given 
in Fig. 1. The location of the Gulf of Maine stations has been pre- 
viously given (Rakestraw, 1933). 


EXPERIMENTAL 
Methods 


The water-sampling bottle used in this work was similar to the 
evacuated glass tube used by Russell (1892 a), the original idea of which 
is ascribed by him to Massea. For breaking the tip of the inlet tube 
at the proper depth, a modified form of the sampler described by Wilson 
(1920) was used. Mud samples were obtained by means of a modified 
form of the sampler described by Moore and Neill (1930). The glass 
tube in which the sample was secured was sterilized before use and the 
sample for analysis taken from the center of the core. The tube was 
' closed at both ends with a sterilized rubber stopper immediately upon 
reaching the surface. No sampler satisfactory from the bacteriological 
standpoint is available for sampling sandy deposits. . The few analyses 
of the bacterial content of such deposits reported in this paper were 
obtained from samples taken from the center of the material brought 
up in a sampler of the clam shell or snapper type. 

In the present investigation, as in most previous ones, the plate 
method of determining the number of bacteria was used. It should be 
pointed out that since not all bacteria are capable of developing on the 
agar plate, the results so secured must be interpreted with considerable 
caution, particularly in regard to the total number of bacteria found. 
The observations of Piitter (1924), based on the oxygen consumption 
of the bacteria in sea water, and the work of Cholodny (1929) and 
Rasumow (1932) with the direct microscopic count, all indicate that 
the number of bacteria actually present in sea water is much greater 
than the cultural methods of determining their abundance have indi- 
cated. In preliminary experiments with various media, one having 
the following composition gave the highest counts of bacteria and was 
used throughout the work: 
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Re DEOM EMRE ior 5). dia clas wei h cy 1 gram 
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It is interesting to note that with the exception of the addition of glu- 
cose, this medium is similar to the one employed by Drew (1913) and 
which Lipman (1929) found to give higher counts than any of the other 
media with which it was compared. Sea water was plated both 
undiluted and diluted ten times, three plates of each dilution being 
used. The mud was plated in a similar manner, except that the moist 
mud was diluted 10, 100, and 1000 times. Moisture determinations 
were made on the mud samples and the results are reported as number 
of bacteria per gram of dry mud. All samples, immediately upon being 
taken, were placed in a refrigerator at 4-5° C. and kept at this tempera- 
ture until plated. In most cases the plating took place in less than 
twenty-four hours after taking the sample. The plates were incubated 
at room temperature and counted at the end of 7 and 10 days. 


Abundance of Bacteria in Sea Water 


In order to determine the variability which might normally be 
expected in the number of bacteria in sea water, 10 samples were taken 
at a single station, on the 20-fathom line south of Martha’s Vineyard. 
All the samples were taken at a depth of 10 meters, and were plated out 
immediately when brought to the laboratory. The number of bacteria 
found in each of the 10 samples was as follows: 6, 2, 3, 4, 8, 83, 10, 24, 
11, 27,18. The average number of bacteria for all the 10 samples was 
19 per cubic centimeter, with a variation between the individual sam- 
ples of 2 to 83 cells per cubic centimeter. It would seem, therefore, 
that considerable variation may be expected in the number of bacteria 
in samples of sea water taken from the same spot. Russell (1893) 
observed that an occasional sample of sea water contained much larger 
numbers of bacteria than was to be expected from the bacterial content 
of the particular locality. A single species of bacteria always predom- 
inated in such samples. While the number of colonies appearing on 
plates of the same series was in general quite uniform, a similar observa- 
tion was made during the course of the present work. The increased 
number of organisms sometimes was very large and occasionally ap- 
peared on only one plate of a series. Russell explained this phenome- 
non by assuming that some of the bacteria in sea water exist in the form 
of zodgleal masses. It suggests also, however, that part of the bacteria 
may be associated with particulate matter in the sea and that the large 
numbers of bacteria in certain samples may be due to the presence of 
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the decomposing remains of some small marine organism such as a 
copepod or a chain of diatoms. 

The data in Table I give an indication of the number of bacteria 
occurring in water receiving land and sewage drainage and illustrate 
the effect of local currents. Samples 1 and 2 were taken in the outer 
harbor of New Bedford and were very much higher in bacteria than 
were the three samples taken in Buzzards Bay outside the harbor. 
The location of these stations is not indicated on Fig. 1, but none of 
them were more than one or two miles from land. At the time the 
samples were taken the tide was rising and the direction of water move- 


TABLE [ 


Abundance of bacteria in water and mud of New Bedford Harbor and Buzzards 
Bay, July 1, 1932. 


Number of bacteria per cc. of 


water or per gram of dry mud Carbon Carbon 
Sta- Water content content 
= Location en ay ay | VPN GEIST ag Foo” Gl Wa a of of mud 
tion depth 
Sur- Bot- Top Mud at | Surface | at 10cm. 
face tom | 2.5cm. | 10cm. mud depth 


water | water | of mud depth 


meters per cent per cent 
dry mud dry mud 


OULIEES SH Wick. nea 9 | 1790 | 3230 |158,500 | 20,100} 3.37 1.21 
2 | Across channel from 
sewer outlet....... 8 — | 4250 | 41,200; — 0.58 
3 | Above harbor en- 
EPANCE 4 Koes tans 15 — 197 | 79,900| — 2.30 
4 | Directly opposite har- 
bor entrance....... 10 — 94 | 48,000 | 44,400] 1.96 
5 | Below harbor en- 
ERAN CO un rcaiater ye seeks 18 22) 111 | 34,000; — 1.76 


ment was from Station 5 into the harbor towards Stations 1 and 2 and 
up the bay from Station 5 towards Station 3. The fact that the water, 
taken so near a source of pollution as was Sample 1, did not contain 
more bacteria is probably due to the fact that with an incoming tide 
at this time the tidal currents tended to carry the polluted water up 
into the harbor and left in its place the Buzzards Bay water from 
Station 5 with relatively low bacterial content. This is indicated by 
the fact that the water at Station 1, 100 yards on the bay side of the 
sewer outlet, contained 3,200 bacteria per cubic centimeter, while that 
at Station 2, approximately one mile away but in the direction of the 
water movement, contained 4,200 per cubic centimeter. The water in 
the bay itself contained much smaller numbers of bacteria. At Sta- 
tions 4 and 5 there were about 100 bacteria per cubic centimeter, while 
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Fic. 1. Chart showing location of the stations sampled for determination of 
the number of bacteria in sea water and bottom deposits. 
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at Station 3 farther up the bay the number reached 200 per cubic 
centimeter. The surface water evidently contained fewer bacteria 
than did the bottom water. An incomplete series of surface samples 
was secured because of loss of vacuum by the bottles prepared for tak- 
ing them. 

To secure information as to the number of bacteria in water and 
bottom deposits of the open ocean away from the influence of land a 
line of stations was sampled from the southern shore of Martha’s 
Vineyard Island to the continental slope about 80 miles to the south. 
The results of these determinations are given in Table I]. The number 
of bacteria in the surface water was found to vary irregularly and did 
not seem to be correlated with distance from land or depth of water. 
While the sample taken at 8:30 in the morning contained the highest 


TABLE II 


Abundance of bacteria in sea water and in sea bottom deposits south of Martha's 
Vineyard, July 19-20, 1931. 


Number of bacteria per cc. of 
water or per gram of dry mud 


ep oea We oe ee 
No. water ioe sean Sur- | Bot- Top Mudiey 
face tom 2.5 cm. at 
water | water of mud 10 cm. 
meters miles per cent 
dry mud 
2 18 1.5 7:00 P.M. 65 159 — — — 
3 38 12 5:00 P.M. 183 | 1900 | 238 (sand) — 0.69 
4 55 23 3:30 P.M. 185 — | 1050 (sand) — 0.94 
5 94 55 8:30 A.M. 735 — | 7700 2700 7.93 
6 163 72 7:00 P.M. 27 — | 1000 (sandy) — 3.17 
7] 345 Wi 6:00 P.M. 480 — | 1400 460 6.14 
8 570 81 3:00 P.M. 190 — | 1280 900 7.24 


number of bacteria, the sample with the second highest number of 
bacteria was taken at 6:00 P.M. There appeared to be no definite 
correlation between bacterial numbers and the length of time during 
which the surface water had been exposed to sunshine, as was suggested 
by Fischer (1894 a). The bottom water at the two stations at which 
samples were obtained was much higher in bacteria than the corre- 
sponding surface water. These samples were taken very near the 
bottom in water of no great depth, where agitation of the surface of 
the bottom by water movements may have carried bacteria into the 
lower layers of water. 

A series of observations of the bacterial content of the water and 
mud off the eastern coast of Cape Cod north of the Nantucket Shoals 
and Georges Bank was made during the summer of 1932. This line of 
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stations extends NE by ESE from Cape Cod Light, the sampling sta- 
tions being 100 yards and 1, 2, 5, 10, 15, 20, and 25 miles from shore. 
As will be seen from the water depths, the ocean bottom along this 
line slopes gently downward to about 15 miles off shore, where it levels 
off at a fairly constant depth of about 245 meters. The number of 
bacteria found in the water of these stations at three different periods 
during the summer is recorded in Table III. With the exception of 
the samples taken near the beach, extremely few bacteria were present 
in the water at any time. A considerable number of the samples did 
not contain any bacteria capable of developing on the agar plate. The 
highest number found was 78 per cc. at Station 4 on August 24. 
The number of bacteria tended to be slightly higher at all stations at 


TABLE III 


Abundance of bacteria in sea water off Cape Cod Light, July 13—September 20, 
N32: 


Number of bacteria per cc. water 


eee Dias peo July 13 August 24 September 20 


No. shore water 


Surface Bottom Surface Bottom Surface Bottom 


water water water water water wate, 
miles meters 

1 100 yds. 5 38 2 394 793 — — 
2 1 25 0 1 — — — — 
3 2 36 0 0 = — — — 
4 5 83 1 0 78 De, — — 
5) 10 159 3 0 1 1 = = 
6 eS 243 0 1 12 3 0 — 
7 20 246 4 0 5) = 0 1 

8 25 245 = _ 5 2 0 0 


this date. The number of bacteria in water one mile from shore was 
no greater than in water taken farther from shore. On an exposed 
shore such as this with the sea receiving almost no land drainage, it is 
doubtful if the number of bacteria in the water is directly affected by 
the presence of land. The larger number of bacteria in water from the 
beach is no doubt due to bacteria carried up from the bottom by wave 
action. 

_ The bacteria in the water off Cape Cod Light may be compared 
with the number found in Cape Cod Bay (Table IV) and also with those 
for the Gulf of Maine and Georges Bank. The latter results have been 
discussed elsewhere (Waksman et al, 1933) in connection with other 
biological data secured at the same time. The water taken from the 
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Gulf of Maine proper, Stations 1329-1333, was, with a single excep- 
tion, characterized by low numbers of bacteria similar to those found 
in the water off Cape Cod Light. The surface water at Station 1333 
contained the exceptionally high number of 380 bacteria per cubic 
centimeter. No explanation for this is known except the possibility 
of the presence in the sample of the decaying remains of some small 
marine organism. The number of bacteria in the relatively shallow 
water over Georges Bank, Stations 1334-1336, was uniformly higher 
than in the Gulf of Maine. This paralleled a higher phytoplankton 
content in the Georges Bank water (Gran, 1933). The finding 
(Waksman et al, 1933) that large numbers of bacteria occur with the 
plankton, particularly the phytoplankton, suggests that the higher 
bacterial content of this water is due to increased available organic 
matter resulting from the high plankton content. Bacterial numbers 


TABLE IV 


Abundance of bacteria in sea water of Cape Cod Bay, August 24—Sepiember 21, 
1932. 


Number of bacteria per cc. water 


rea on August 24 September 21 
water 
Surface Bottom Surface Bottom 
water water water water 
meters 
1 26 8 23 — — 
2 , 28 19 15 — — 
3 35 17 26 — — 
4 38 9 36 2690 850 
5 37 8 5 21 4670 720 
6 26 26 23 2620 1020 


did not vary significantly with depth at any of these stations. If the 
above explanation relating an increased bacterial content with an in- 
creased phytoplankton content is correct, then it would seem that the 
numbers of the two types of organisms should have a parallel variation 
with depth. The studies reported above were not detailed enough to 
determine whether or not this was the case. It is possible that with 
the low quantities of plankton ordinarily found in the sea during the 
summer months, it would be very difficult to detect variations of bac- 
teria with depth during this time. A study of the numbers of bacteria 
associated with the annual spring increase of the plankton should 
afford results extremely interesting from the standpoint of the decom- 
position and transformation of the organic materials produced in 
lreatively large amounts at that time. 
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Returning to the water of Cape Cod Bay, it will be seen that the 
number of bacteria found there on August 24 is significantly higher 
than that found on the same date off Cape Cod Light but approxi- 
mately equal to the number occurring over Georges Bank on August 
5. At three of these stations sampled on September 21 there was an 
increase in the number of bacteria over that found on August 24 
amounting to practically a hundred-fold in both the surface and bottom 
water. This increase may or may not be due to the fact that the 
samples of September 21 were taken between 4:00, and 6:00 A.M.., 
while those of August 24 were taken from 7:40 to 11:25 P.M. On 
August 24 the bottom water at four of the six stations contained more 
bacteria than did the surface water. Of the three stations sampled 
September 21, all contained from two to six times as many bacteria at 
the surface as at the bottom. The only factor under observation 
which varied at the two sampling periods was, as noted above, the 
time of day at which the samples were taken. This does not seem to 
offer an adequate explanation for the wide variation found in the distri- 
bution of the bacterfa. 


Abundance of Bacteria in Sea Bottom Deposits 


The mud samples of which the bacteriological analysis is reported 
here were obtained at the same stations as those described above for 
the water samples. In general no attempt was made to sample the 
bottom deposit at those stations where it consisted only of sand. Ata 
few stations, however, sand samples were obtained and these are desig- 
nated as such wherever they occur in the tables. The deposits ex- 
amined were entirely of terrigenous nature. The material from which 
the bacteria living in the bottom deposits of this type secure their 
food comes then from two sources: (1) The organisms living in or on 
the sea bottom and those sinking from the water above, (2) the or- 
ganic matter present in a partially decomposed state in the sediments 
brought in from land. The relative amount of these two sources of 
organic matter will vary widely depending upon local conditions. The 
fresher organic matter tends to accumulate at the surface of the bottom 
and to become incorporated into the lower layers of mud only very 
slowly through the action of burrowing organisms living in the marine 
bottom. Sand bottoms contain relatively little organic matter, but 
the findings of Raymond and Stetson (1931) show that over them also 
there occurs a small amount of organic material. 

The number of bacteria found in the ocean bottom at the stations 
south of Martha’s Vineyard in July, 1931, is given in Table II. The 
figures for loss on ignition of the dry mud are also given as a rough indi- 
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cation of the amount of organic matter in the samples. The sand 
samples contained fewer bacteria than did the mud samples. This is 
especially true of the sand taken nearest shore where there is practically 
no organic matter present. In the mud samples there is a progressive 
diminution in the number of bacteria present with distance from shore. 
The number of bacteria in these samples cannot be definitely correlated 
with the amount of organic matter present, probably because in these 
very finely divided sediments a considerable part of the loss on ignition 
is due to the loss of physically or chemically bound water. The num- 
ber of bacteria diminished rapidly with depth into the mud. Later 
determinations on mud samples from the Gulf of Maine indicated 


TABLE V 


Abundance of bacteria in sea water and in bottom deposits of the Gulf of Maine 
and Georges Bank, August 2-5, 1932. 


Number of bacteria per cc. water 


Station No. 1329 1330 | 1331 1332 1333 | 1334 1335 1336 
Depth of water in meters 256 207 230 346 230 71 74 64 
Depth of sample 
Suplace ena seer ces 10 3 4 2 380 | 16 92 6 
SORMELETS eos scetseee eae 1 1 2 1 | = — — 
IBOttomews ca kero: 6 0 1 1 3 | 25 41 27 
Depth in mud Number of bacteria per gram of dry mud or sand 
Sumacey2 orice eee nee 5400 | 4700 | 830 | 3000 | — | — 1280 670 
(sand) | (sand) 
ORGIP Re aye ic, Sede oe eee 1720 | 1700 ; 140} 290 | — } — — — 


(Table V) the fact that they had a bacterial content of the same order of 
magnitude as the muds south of Martha’s Vineyard. The figures for 
the number of bacteria in mud samples from Buzzards Bay and New 
Bedford Harbor given in Table I indicate the much higher bacterial 
content of sediments near land. The carbon content of these muds 
as determined by a modification (Tiurin, 1931) of the method of 
Schollenberger (1931) is: given also. The determinations indicate a 
very close direct correlation between the number of bacteria in these 
samples and the content of organic matter as indicated by the carbon 
determination. 

In the sampling method for mud, described above, the mud was 
obtained asacoreinaglasstube. The core was removed from the tube 
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by pouring off the water above the mud, inserting a small piece of 
sterile cotton, and then pushing the mud from the tube with the aid of 
a wooden rod slightly smaller in diameter than the inside diameter of 
the glass tube. By this procedure the surface layer of mud became 
somewhat compressed and mixed and the extreme surface was absorbed 
to some extent by the cotton. The surface sample of mud represented, 
therefore, a composite of approximately the top inch of mud. The 
organic matter added to the mud from the water above tends to ac- 
cumulate at the very surface of the mud in a zone probably so thin as 
to be measured in millimeters rather than centimeters. A change in 
the procedure for removing the mud from the tube was then adopted 
in order to study the number of bacteria in the extreme surface layer 
of mud. In pouring off the water above the tube about 4 cc. were 
allowed to remain behind. Previous platings of this water had shown 
that unless mixed with mud very few bacteria were present. The 


TABLE VI 


Distribution of bacteria and organic carbon in the mud of the Atlantic Ocean off 
Cape Cod Light, August-September, 1932. 


Per cent organic 


Bacteria per gram of dry mud earbodlindey mand 


Sta- Depth 
tion of August 24 September 20 September 20 
No mud a 

seca | ee | Smee ele | Bee ee Wee 
6 5,000,000 | 630 | 340 | — |125,500 | 4,300) 270) 5.20} 1.30] 1.37 
7 919,000 | 1695 | 176 | — | 48,800 | 4,900 | 2,390 | 16.66 | 1.50) 1.77 
8 23,100 | 1490 | 220) O 25,300 | 4,700 | 2,290 | 5.77) 1.72] 1.77 


tube was then shaken until the surface layers of mud were in suspen- 
sion. One cubic centimeter portion of the suspension was then pipetted 
off for bacteriological analysis, another for moisture and total carbon 
determination, and another for a sea salt determination. The amount 
of dry material in one cubic centimeter of such a suspension was usually 
about 60 mgm., although it varied from 35 to 90 mgm. with different 
samples. Of the dry material, usually one-half or more, depending 
upon the concentration of mud in the suspension, was sea salt. The 
carbon and bacteriological determinations were corrected for the pres- 
ence of this salt. 

The number of bacteria found in mud samples from Cape Cod Bay 
and the Atlantic Ocean off Cape Cod Light by the above method are 
given in Tables VI and VII. The carbon content of the mud is in- 
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cluded in these tables. The carbon content of the surface layer was 
considerably higher than that of any of the lower layers. In two 
cases values as high as 16.66 and 20.00 per cent carbon in the surface 
mud were found, but these values may possibly be excessive. An in- 
spection of this data shows at once the importance of the extreme 
surface layer of the mud from the standpoint of bacteriological activity. 
The number of bacteria in the surface exceeded by far the number 
present at a depth of only 2.5 cm. at all stations. Not only was the 
surface layer rich in total number of bacteria but it also contained a 
much more varied bacterial flora than did the lower layers. Agar 
plates of samples from the 2.5 cm. depth revealed only small, grayish 
white, either round or lens-shaped colonies. Plates from the surface 
layer, on the other hand, contained many types of colonies, including 


TABLE VII 


Distribution of bacteria and organic carbon in the mud of Cape Cod Bay, August— 
September, 1932. 


Per cent organic 


Bacteria per gram of dry mud eeribora ste Ghae aaudl 


Sta-| Depth 


tion of August 24 September 21 September 21 
No. | mud 

Surface | 2.5 cm. | 10cm. Surface 2.5 cm. | 10cm. Sue 28 ee 
1 43,600} 9,560) 3,200 — = —_ cag MA SS eee 
2 76,000} 9,680} 2,000 — == SS i ee 
3 217,000] 11,000 | — ae wih pan ats ef 
4 236,500] 16,000 | 7,200 | 2,700,000 | 32,200 | 28,800 | 4.50} 1.77) 1.90 
5 134,600] 24,300 | 9,500 | 1,160,000 | 54,700 | 47,700 | 7.50 | 2.46} 2.85 
6 248,000} 44,300 | 15,500 | 8,420,000 | 79,300 | 60,000 | 20.00 | 3.10) 2.76 


occasionally agar-decomposing forms. This surface layer of mud, 
having a high concentration of available organic matter and a source 
of available oxygen in the water above, appears to be the seat of the 
greatest activity of the marine bacteria. The number of bacteria in 
the surface mud varied markedly at the two sampling periods. How- 
ever, the number of bacteria decreased on the ocean side of Cape Cod 
and increased correspondingly in the bay. It should be noted that, 
as shown in Table IV, the number of bacteria in the water of Cape 
Cod Bay also was markedly greater at this time than at the previous 
sampling period. It is generally assumed that there is an accumulation 
of sediment going on in Cape Cod Bay, part of this coming from the 
outside of Cape Cod. Whether there is any relation between this 
deposition of fresh sediment and the observed change in the bacterial 
content of the mud is uncertain. The fluctuation of the bacterial 
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content of the lower layers of mud is less marked. In Cape Cod Bay 
it was parallel with that of the surface mud, while off Cape Cod Light 
it was in the opposite direction. In the samples from the latter line 
there was again a progressive diminution in numbers of bacteria in the 
surface mud with distance from land. The explanation of this is not 
clear from the data available. In these samples the number of bacteria 
in the deeper layers did not decrease with distance from land. The 
vertical and horizontal distribution of bacteria in the mud of the Cape 
Cod Light line of stations is illustrated in Fig. 2. Because of the ex- 


Distance from land (miles) 


a 2Q 25 


Surface 


2.5 cm. 


Depth into mud 


10 cm. 


7 6 5 4 3 


Logarithm of number of bacteria 


Fic. 2. Vertical and horizontal distribution of bacteria in the. mud of the 
Atlantic Ocean off Cape Cod Light, August 24, 1932. Station 6; - - - Station 7; 
— — Station 8. 


tremely wide range in the number of bacteria found, the logarithms 
of the numbers of bacteria are plotted, instead of the actual numbers 
themselves. 

The relation between the bacterial content and the carbon content 
in the muds is very interesting. In the surface mud there does not 
appear to be a definite relation between the bacterial numbers and the 
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amount of carbon. This is to be expected, since the number of bacteria 
in this layer is not only due to the abundance of organic matter, but 
perhaps to a greater extent to its relatively undecomposed nature as 
compared to that in the lower layers of mud. This dependence of the 
organisms upon the nature of the organic matter is illustrated also by 
the vertical distribution of bacteria and carbon; the number of bacteria 
invariably decreased with successive increases in depth in the mud, 
while the carbon content often rose slightly. Oceanic bottom deposits 
are built up principally by the accumulation of new material at the 
surface. The rate of deposition is extremely slow and consequently 
mud at relatively short depths into the mud represents sediments 
laid down many years before. The organic matter in the mud below 
the surface has undergone extensive decomposition and only the more 
resistant substances remain. These substances are probably similar 
to the resistant organic complexes in the soil described by Waksman 
and Iyer (1932) and are higher in carbon than is the fresh organic 
matter. These factors, together with the practical absence of oxygen 
from the mud (Moore, 1931), offer an adequate explanation for the 
decrease of bacterial numbers with depth in the mud. The resistant 
nature of the organic matter limits the number of specific organisms 
capable of attacking it. The high carbon and low oxygen content of 
the organic matter decrease its availability to anaerobic bacteria, 
while the absence of oxygen in the mud limits the activity of aerobic 
forms. At depths of 2.5 and 10 cm. in the mud the horizontal distri- 
bution of bacteria varied directly with the carbon content of the mud. 
This was especially true of the mud in Cape Cod Bay, where the varia- 
tion in the two factors was so large as to lend greater weight to the 
observations. This would seem to indicate that in the terrigenous 
deposits examined the organic matter in the mud below the surface 
layer was equally available to the bacteria at all the stations sampled 
and probably was similar in composition. The factors determining the 
distribution of bacteria at the surface of the mud are still obscure. 
Undoubtedly an important one is the stage of decomposition of the 
organic matter at the time it reaches the bottom. 


SUMMARY 


A study has been made of the number of bacteria to be found in 
ocean waters and muds in the region of Cape Cod, Massachusetts, and 
their variation with distance from shore, depth of water, depth in the 
mud, and carbon content of the mud. 

The number of bacteria in ocean water not near land and of a depth 
sufficient to preclude the agitation of the bottom by currents or wave 
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motion was very small. One cubic centimeter portions of the water 
were often found to contain no bacteria capable of growing on an agar 
plate. A few samples of water were found to contain comparatively 
large numbers of bacteria, probably due to the presence of decomposing 
remains of some small plankton organism. 

Sea water in shallow regions where the water was mixed from top 
to bottom, due to tidal or wave motions, had a consistently higher 
bacterial content, ranging from 20 to 200 cells per cubic centimeter. 
Such water had a higher content of mineral nutrients and consequently 
aricher plankton content. Itis to the larger amount of organic matter 
thus made available to the bacteria together with an actual trans- 
port upward of cells by vertical currents that their increased abundance 
under these conditions is to be attributed. 

On open, exposed shores receiving little land drainage, the direct 
effect of the land on the bacterial content of the sea water appears to 
be negligible. Along shores receiving considerable land drainage any 
effect of the proximity of land does not appear to extend beyond a mile 
from the shore so far as the number of bacteria in the sea is concerned. 
In harbors receiving sewage drainage, the number of bacteria may rise 
to very high levels, depending upon the amount of pollution intro- 
duced and the degree to which circulation may take place between the 
harbor water and the outer uncontaminated water. 

Bacteria in the bottom deposits were much more numerous than in 
the overlying water. Muds contained many more bacteria than did 
sands. The number of bacteria decreased with depth into the mud, 
the most marked decrease being in the first 2.5 centimeters. Bacterial 
numbers in the surface layer, compared to those in the lower layers, 
were much greater than could be accounted for by the difference in 
organic carbon content. There appeared to be on the surface of the 
mud a very thin layer containing organic matter in a less advanced 
stage of decomposition supporting a bacterial growth much richer 
not only in numbers but also in types of bacteria than in the lower 
layers. The carbon content of the surface layer was higher than that 
of the lower layers. The vertical distribution of bacteria in the mud 
was not related to the carbon content, since the amount of carbon 
sometimes increased with depth, while the number of bacteria always 
decreased with depth. 

The horizontal distribution of bacteria in the extreme surface layer 
of mud was independent of its carbon content, but probably depended 
upon its composition or the degree of its decomposition. The hori- 
zontal distribution of bacteria in the mud layers below the surface 
was directly related to their carbon content. 
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The number of bacteria in the surface mud on the continental 
shelf east of Cape Cod decreased regularly with distance from land. 
This was not the case with the bacteria in the deeper layers of mud, 
where the number remained fairly constant. 

There was a wide variation in the bacterial content of all layers of 
mud between two sampling dates approximately one month apart. 
The fluctuations at the surface and at depths of 2.5 and 10 cm. in the 
mud were in opposite directions in mud from the open ocean off Cape 
Cod Light but were parallel in mud from Cape Cod Bay. 
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THE STRUCTURE AND DIVISION OF BODOPSIS 
GODBOLDI, SPEC, NOV. 


SMES Bs seNC hE Yi 


FROM THE DEPARTMENT OF WAITER AND SEWAGE RESEARCH, N. J. AGRICULTURAL 
EXPERIMENT STATION 


MATERIAL AND METHODS 


The organism for which the species name godboldi is proposed is a 
small flagellate protozoén of the order Pantastomatida (Calkins, 1926). 
The genus contains one other species, alternans, described by Lemmer- 
mann (1914). The writer is unaware of any cytological work or any 
descriptive work on the genus other than that of Lemmermann. 

The form herein alluded to developed in large numbers from a 
culture of raw sewage from the Plainfield, New Jersey, sewage dis- 
posal plant. A 1 cc. sample of sewage was inoculated into a Petri 
dish containing 10 cc. of the wheat medium used frequently by the 
writer (Lackey, 1927). Out of ten cultures made up at the same time 
this organism appeared in but one, but several subcultures were made 
in which the animals multiplied abundantly. Each culture was about 
5 mm. deep and had a film of paraffin oil on top so that as the bacteria 
and protozoa multiplied the medium was at least partially anaerobic. 
Neither percentage of dissolved oxygen nor pH were ascertained. 

Cover-glasses with films containing the living organisms were sealed 
to slides with lanolin for studying the activities of the animals. Pre- 
pared slides were made by sinking cover-glasses in the cultures until 
the organisms crept onto them, then fixing the film with either Gilson’s 
fluid or 95 per cent alcohol saturated with HgCl. to which .5 per cent 
acetic acid was added. The first fixative proved excellent for the 
pseudopodia, which are fine and tenuous, while the second was best for 
the study of mitosis. Iron hematoxylin was the stain most frequently 
used, occasionally followed by eosin. 


STRUCTURE OF THE ANIMAL 


The living animal is generally ovate in outline and dorsiventrally 
bowed (Figs. 1, 2), but there is considerable deviation from this type 
shape. Individuals have a fixed shape, no amoeboid changes having 
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been observed. The average dimensions are 12 microns long, 6 wide, 
and 3 to 4 thick. This species is therefore slightly smaller than B. 
alternans. The pellicle is thin and unmarked. At the anterior end 
is a naked bowl-shaped depression, referred to as the mouth region. 
This is not at all like the gullet-reservoir system of the Euglenida. The 
two flagella emerge from this region and also the pseudopodia, when 
they are extended. Through the region food, including bacteria, is 
ingested. There is a contractile vacuole adjacent to this depression 
which empties into it. The flagella are dissimilar: the short one is 
about one-fourth body length, extends forward, and is vibratile. It is 
so short as to appear practically useless as far as locomotion is con- 
cerned. The longer is a trailing flagellum, half as long again as the 
body, and is held ventrally when the animal creeps or glides along the 
substratum. 

The animal moves forward very slowly, perhaps making use of a 
creeping movement as well as the traction of the short flagellum. 
Often it is motionless for a long time, then moves slightly with a 
jerky motion. It was this very slow and jerky motion of a very large 
number of small animals on the bottom of a Petri dish which first 
called the organism to the attention of the writer. The motionless 
periods represent the times when the pseudopodia are extended and the 
animal is probably feeding. It has not been observed swimming, 
which might be impossible with its very short flagellum. In B. 
aliernans the two flagella appear to be of equal length and the difference 
in this respect is the most marked one between the two species. 

The cytoplasm is hyaline and homogenous in appearance. Food 
vacuoles, at times containing bacteria and portions of small fungi as 
recognizable contents, and moving with a slow cyclosis, are often seen. 
In the posterior part of the cell a number of small bright spheres of 
unknown nature are usually present. The nuclear membrane with a 
clear zone just inside it and a heavy endosome are visible in the living 
animal. 

The pseudopodia (Fig. 3) are best studied in fixed, overstained 
animals. From two to six in number, they emerge from the mouth 
region and extend laterally from the ventral surface as a rule. The 
cytoplasm at such times may flow out to partly cover an area of the 
pellicle, much as it extrudes from the mouth of the shell of an Arcella. 
The pseudopodia are very fine, of the filose type, and branch infre- 
quently. Often there are small enlargements, blobs of protoplasm on 
them, and it has been definitely observed that they are used in the 
taking of bacteria. Where they come in contact or cross, they do not 
anastomose. Their greatest extension rarely exceeds twice body 
length. There is no axial filament. 
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The kinetic elements are a pair of blepharoplasts (Figs. 1, 4) adjacent 
to the nuclear membrane and in the thin layer of cytoplasm which is 
the floor of the mouth depression. It is very difficult to determine 
that there are two, so small and so close together are they. The nu- 
cleus is in the anterior part of the body and appears to be slightly 


Fic. 1. Bodopsis godboldi, spec. nov. Greatly enlarged to show structure. 
Nuclear and kinetic structures drawn from prepared slide, cytoplasmic detail from 
a study of living animals. A—anteriorly directed flagellum. B—mouth depression. 
C—blepharoplasts. D—contractile vacuole. H—endosome, surrounded by the 
chromatin masses characteristic of the vegetative nucleus. —food vacuole. G— 
cytoplasmic sphere, one of three common types of inclusions. Two others are shown, 
but not labeled: the black spheres, visible only after staining, and the black rods 
also visible only after staining. H—trailing or gliding flagellum. 


pointed or pulled up to make contact with the blepharoplasts. Its 
membrane is rather heavy. There is always a central round endo- 
some, with a small clear zone between it and the chromatin which in- 
stead of being in the form of granules appears to have the form of a 
permanent, faintly staining spireme. This detail is not to be ascer- 
tained with certainty in the interkinetic stages. 


SaRUCTURE AND DIVISION BODOPSIS GODBOEDI 501 


CELL DIVISION 


The animal apparently does not reach a maximum size before divi- 
sion, since both large and small ones are found dividing. Division is 
longitudinal in the active state, the nuclear membrane persisting 
throughout the process. The first indication of division is the in- 
crease in the staining capacity of the chromatin, which soon forms a 
number of heavy, irregular masses of chromatin, at first assumed to be 
comparable to the prochromosomes of some of the higher organisms 
(Fig. 4). Attempts to count the number of these have not been suc- 
cessful, partly because of their irregular contours and partly because of 
the presence of the endosome. -They tend to assume a more or less 
peripheral position inside the nuclear membrane, and a number of 
counts have been made which show more than thirty of them. We 
have concluded after studying this particular phase of division that 
there are more than the metaphase number of chromosomes and less 
than twice the number, and that the number of these irregular chroma- 
tin masses is not constant. 

As these masses are forming, the endosome begins to lose its power 
of taking the stain. It finally disappears altogether, simply becoming 
faint, then vanishing altogether, before the metaphase plate of chromo- 
somes is formed. It does not contribute to the formation of blepharo- 
plasts or new flagella, nor visibly to the formation of the chromosomes. 
It is possible that it is of chromatin as Belar (1920) has shown to be the 
condition relative to the endosome of Prowazekia. 

By the time the endosome has disappeared, the chromosomes are 
fully formed. There are 24 of these and they are small round bodies, 
not connected with each other, and usually close to each other when 
they have oriented themselves on the intranuclear spindle. The 
origin of the spindle is impossible to trace; it first becomes visible at the 
time the metaphase plate of chromosomes is formed. Because of its 
small size it is impossible to distinguish spindle fibers, but the double 
cone shape and the orientation of the metaphase plate of chromosomes 
on it leaves no doubt as to its identity. There are no centrioles at its 
poles, but its ends reach to the nuclear membrane at this time (Fig. 6). 
It is impossible to say whether the ends of it still reach the membrane 
in the anaphase and telophase stages (Figs. 8, 9) or not, but spindle 
remains, presumably mantle fibers, are present in these stages. The 
spindle invariably occupies a position at right angles to the long axis 
of the cell, and the metaphase plate of chromosomes is therefore al- 
ways in equatorial view, since animals are rarely found turned edge- 
wise to the observer. For this reason it is difficult to find plates on 
which counts of the chromosome number can be made. 
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The chromosomes practically all divide at the same time, assuming 
a dumb-bell shape (Fig. 65), then parting. There are none which lag 
on the spindle, and due to the fact that they are all approximately 
round in the beginning, no question of their plane of division can be 
discussed. 

During these happenings the original pair of flagella has persisted, 


PLATE I 


Fic. 2. Side view of the animal to show characteristic convex shape. 

Fic. 3. Ventral view of an animal to show pseudopodia which are extended 
from the mass of cytoplasm extending out of and over the ventral lip of the mouth 
depression. 

Fic. 4. Early prophase. The chromatin has formed into a number of irregular 
masses, apparently separate from each other and not forming a spireme. The 
endosome is disappearing. Two daughter blepharoplasts are present, and two new 
and short flagella are growing out from them through the mouth depression. This 
figure and the remaining ones are optical sections through the nucleus, but the fla- 
gella have been added to the sections. 

Fic. 5. Later prophase. The endosome has disappeared and the chromatin 
masses are more condensed. The new blepharoplasts and flagella are clearly seen. 
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PLATE II 


Fic. 6a. Metaphase plate showing the equatorial mass of chromosomes, the 
intranuclear spindle, and the blepharoplasts and flagella. 

Fic. 65. Metaphase plate showing the dividing chromosomes. 

Fic. 7. Anaphase. This figure is slightly diagrammatic in that the two groups 
of chromosomes have been actually shifted slightly to the right and left. In the 
animal studied they overlap each other about one-third but are so far apart that 
the two optical sections each give a clear count of the chromosomes. Each group 
consists of 24 chromosomes. 

Fic. 8. Telophase. The chromosomes have reached the poles of the spindle. 
Clearly distinguishable spindle remains are seen. 

Fic. 9. Telophase. Initial constriction of the cell and of the nucleus. 

Fic. 10. Telophase. Nuclear reorganization practically complete and the two 
daughter cells about ready to separate. 
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but has come to occupy an eccentric position in the mouth depression 
which has widened. The blepharoplasts are near one pole of the mi- 
totic figure, but do not form the pole (Fig. 6). During the prophases a 
second set of blepharoplasts appears at first close to the old ones, then 
moving apart from them toward the opposite pole of the spindle. It 
has been impossible to say certainly that this second pair of blepharo- 
plasts arises from the original pair by division, but their position when 
first discernible, and their gradual migration away from the persistent 
original pair are strongly in favor of an origin by division, and against 
an origin de novo. It is certain that they do not arise from the endo- 
some or any other nuclear component. 

From this new pair of blepharoplasts, two new flagella grow out 
(Figs. 4 to 8 inclusive). The initial size difference between the two 
pairs is readily apparent, and precludes any question of the origin of 
new flagella by splitting: one of the daughter cells gets the old pair, 
' the other the new pair. The animal is active throughout division. 

In the anaphase the chromosomes move apart rapidly. Figure 7 
shows polar views of the two daughter groups of chromosomes in which 
the number may be counted. The chromosomes become indistin- 
guishably mingled in the telophase (Figs. 8 and 9) and still stain so 
deeply that it is impossible to tell when the endosome reappears. 
About this time a median anterior furrow begins to constrict the cell, 
dividing the mouth depression, and the nuclear membrane also begins 
to constrict, the cell finally pinching in two. 


DISCUSSION 


The Pantastomatida represent a very primitive group of protozoa 
and in the ten or twelve genera comprising this order we might reason- 
ably expect to find primitive modes of reproduction. Such a condi- 
tion has been described by Goldschmidt (1904, 1907) in the case of 
Mastigella and Mastigina, where the chromatin granules pass through 
the nuclear membrane and after accumulating on the outside, reform 
into the nuclei of gametes. Doflein (1916 a and 0) has criticised the 
account of Goldschmidt, but has not shown him to be wrong. On the 
other hand, Minchin (1912) says that such a process would represent 
a step in the evolution of the protozoa from organisms such as bacterial 
types. . 

Accounts of division of other organisms of this order are lacking. 
It is therefore interesting to find in Bodopsis, representative of the 
order, a type of division not comparable to reproduction as described 
by Goldschmidt for Mastigella and Mastigina but more like that de- 
scribed by Wenyon (1926) for Cercomonas, Hartmann and Chagas 
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(1910) for Spongomonas, Belar (1920, 1921) for Bodo edax and Collo- 
dictyon, or even some of the Phytomonadida as shown by Aragao 
(1910), Doflein (1916, a and 6) and Kater (1925). The pseudopodia of 
Bodopsis clearly place it in the Pantastomatida, but its type of nuclear 
division brings it into a more closely conformed relationship with these 
protozoa of related orders. Gamete formation in the manner described 
by Goldschmidt is not precluded, however, since gamete formation 
might occur at some stage in the life history not covered by this ac- 
count. 

It is noted that the nuclear membrane is persistent throughout 
division. This is not new, as shown in Cercomonas, Spongomonas, and 
Cyathomonas by Hartmann and Chagas, Polytoma by Kater, Peranema 
and Entosiphon by Lackey (1929, 1933), and Euglena by Baker (1926) 
and others, as well as various other protozoa. In Bodopsis, however, 
the chromatin lies just beneath the nuclear membrane as if the nucleus 
is turgid with a fluid pressing the masses of chromatin against the 
membrane. But no diffusion out or passage out of chromatic material 
can be noted. Instead the whole mechanism of chromosome forma- 
tion and division is intranuclear even including the spindle. It is a 
fascinating idea that the endosome might give rise to the spindle. 
Thus in Bodopsis, Cercomonas, Spongomonas, Cyathomonas and other 
protozoa where there is an endosome which completely disappears 
during division, a well-defined spindle is formed which is an intranu- 
clear structure in the four above-listed forms. On the other hand, in 
Entosiphon, Peranema, Euglena and others where the endosome does 
not disappear during division, no spindle is formed. 

A peculiarity of Bodopsis is that while no centrioles are present, the 
blepharoplasts do not serve as division centers. It has been repeatedly 
stated recently that it is a difficult matter to determine just what is a 
centriole, but certainly there are no distinguishable ones in Bodopsis, 
whereas in most of the flagellates whose division has been carefully 
studied, either centrioles or blepharoplasts serve as poles of the division 
figure, the relations between these having been admirably diagrammed 
by Minchin (1912, p. 88). Centrioles have been figured for Poly- 
tomella, Polytoma, Collodictyon, Bodo, Spongomonas splendida and _S. 
uvella, Astasia and others. Blepharoplasts serve as division centers in 
Cercomonas, Peranema, Entosiphon, and Menoidium (Hall, 1923). 
Since neither of these serves as a division center in Bodopsis, the 
question arises as to what actually constitutes the division center; or 
if there is one. The apparent absence of one is a condition unique for 
the flagellate protozoa. 

If the primitive living cell has a distributed nucleus, it is hardly 
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to be expected that the flagella of such a cell will possess blepharoplasts 
and the writer knows of no mention of them by bacteriologists. On 
the other hand, the possession of blepharoplasts by Bodopsts in juxta- 
position to a well-organized nucleus, even if they do not serve as divi- 
sion centers, would argue that it is a specialized, not a primitive organ- 
ism. This is further borne out by its mitotic type of nuclear division. 
And unless there is some other stage in its life history in which phe- 
nomena occur more comparable to those described by Goldschmidt for 
Mastigina, it is perhaps wiser to base the concept of the primitive 
condition of the order on the possession of both flagella and an amc- 
boid body with pseudopodia. 


CONCLUSIONS 


1. Bodopsis godboldi, spec. nov., is shown to have a very short 
anteriorly directed flagellum, this being the chief character in which 
the species differs from B. alternans. 

2. Its nuclear division is accomplished in the active state and is 
followed by binary fission. 

3. The endosome disappears and the chromatin forms 24 small 
round chromosomes on an intranuclear spindle which has neither 
centrioles nor blepharoplasts for poles. 

4. The original blepharoplasts and flagella are retained. New 
blepharoplasts apparently arise from the old ones by division, and 
new flagella from the new blepharoplasts by outgrowth. 

5. The blepharoplasts occupy eccentric positions on the nuclear 
membrane while mitosis is occurring but do not form the spindle poles. 
It is concluded they are not the division centers. 
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ON A NEW GREGARINE FROM THE CCELOM OF A 
BURMESE EARTHWORM, PHERETIMA COMPTA 


G. E. GATES 


From JUDSON COLLEGE 


In certain oriental species of earthworms, especially of the genera 
Eutypheus and Pheretima, gregarines (trophozoite stages) are very 
frequently found in the celom. These gregarines when present may 
occur in large numbers, 50-90 per segment for a number of segments. 
Among the forms that have come under observation during the course 
of a study of Burmese earthworms is one which appears to be of 
especial interest and which is described below under the designation 
Nellocystis birmamica, n.g., nN. Sp. 

Hitherto it has been assumed that the effect of the gregarine para- 
sites on their earthworm hosts is not serious. Indeed, Stephenson in 
his monograph on the Oligochetes says, “The intestinal and coelomic 
parasites have scarcely any effect on the tissues of the host.’’ There is, 
however, some evidence to show that coelomic sporozoa may have a 
drastic effect on host earthworms. A part of this evidence is included 
in a paper on the systematics of the Burmese earthworms that will 
appear shortly in the Records of the Indian Museum. It is hoped that 
the rather fragmentary observations contained in the paper will serve 
to indicate to protozodlogists a number of interesting opportunities for 
investigation. 

NELLOCYSTIS BIRMANICA, N. G., N. SP. 


The parasites are present as solitary individuals or aggregates of 
two or three individuals. 


Solitary Indwiduals 


The exact length of the parasites was not determined as the indi- 
viduals were broken in removing them from the host for study. The 
form may be described as club-shaped, the posterior end enlarged, 
narrowing to an elongate stalk. The anterior end of the stalk is 
branched into several short filaments which attach the parasite to the 
host. In Fig. 2 is shown a portion of the anterior end of a parasite as it 
appears after being pulled out with forceps from a very delicate inter- 
segmental septum. 

In the fixed condition the stalk and a thin layer of the posterior end 
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is solid and can be cut up into fragments which do not lose their shape. 

Within the posterior portion of the parasite is a cavity, referred to as 
the vacuolar cavity, containing a fluid in which there is a single, dark, 
regularly spheroidal mass. The mass nearly fills the cavity and when 
ruptured in water or alcohol separates into granules which are con- 
nected with each other by fine cobwebby strands. Within the granu- 


Fic. 1. Portion of a solitary individual, X 50. 

Fic. 2. Portion of an anterior end of a solitary individual, X 160. 

Fic. 3. Portion of a solitary individual showing the stalk nucleus in longi- 
tudinal position, < 160. 

Fic. 4. “Posterior end of a solitary individual containing two vacuolar masses, 
x 50. 

Fic. 5. Central portion of a bi-stalked form with vacuolar septum, X 50. 
Fic. 6. Bi-stalked form in which the vacuolar cavity was filled with cysts, 
x 50: 

Fic. 7. Tri-stalked form, X 50. 

Fic. 8. Cyst, X 330. 


lar mass is a single, ovoidal nucleus. This is of a clear, transparent 
blueish or yellowish appearance and contains a single endosome. 
Within the stalk near the vacuolar cavity is a second nucleus which is 
like the vacuolar nucleus but which contains in addition to a large 
endosome, a smaller, slightly bent, rod-like body. In some of the indi- 
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viduals the long axis of the stalk nucleus is along the long axis of the 
stalk (Fig. 3). In other individuals the major axis of the stalk nucleus 
is transverse to the long axis of the stalk (Fig. 1). In all those speci- 
mens in which the stalk nucleus is in the transverse position the single, 
large endosome is replaced by a number of smaller, endosomal granules 
scattered throughout the nucleus. 

Several individuals were found in which the single vacuolar cavity 
contains two discrete, ovoidal masses, in each case one of the masses 
larger than the other. Each of these two masses has a single nucleus 
with an endosome. In specimens with two vacuolar masses the stalk 
nucleus is not ovoidal but the side of the nucleus towards the vacuolar 
cavity is flattened as shown in the figure. The endosomal material of 
the stalk nuclei is in the form of granules scattered through the nucleus. 
A few individuals differ from those just described in the replacement of 
the single nucleus of each vacuolar mass by several smaller bodies 
apparently of a nuclear nature. 


Aggregates of Two or Three Indiwiduals 


Bi-stalked Forms.—These forms are spindle-shaped and have a stalk 
at each end so that the animal is doubly attached to the host. Stalks of 
all of these were broken in the course of dissection of the worm or in re- 
moving the parasites and the ends were not recovered so that it is not 
known whether the attaching ends have branched filaments similar to 
those at the anterior ends of solitary individuals. In some of these bi- 
stalked forms the vacuolar cavity is divided into two portions by a thin 
but distinct septum, each half of the cavity containing a single, dark, 
ovoidal mass. Each of the vacuolar masses has a single nucleus with 
an endosome. There are two stalk nuclei, one at each side of the 
partitioned vacuolar cavity, the side of the nucleus towards the cavity 
always flattened. In other bi-stalked forms the vacuolar septum is 
lacking and within the vacuolar cavity there is a single, dark mass. 
No nucleus is at first visible within the mass but if the mass is ruptured 
and flattened out carefully there may be seen among the granules 
small, ovoidal bodies similar in appearance to an endosome but smaller 
and with a cobwebby material attached to the surface so that each has 
a rather fuzzy appearance. In some specimens the number of these 
bodies is rather small; varying apparently from 16-32. In other 
specimens the number is much larger. 

In a few bi-stalked forms the vacuolar cavity is filled with cysts. 
No definite stalk nuclei were observed in cyst-containing forms but at 
the approximate site of each nucleus there is an aggregation of endoso- 
mal-like granules. The regions between and around the endosomal 
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granules are occupied by stalk substance rather than the clear and 
transparent extra-endosomal nuclear material. 

The cysts are pseudonavicella-like (homopolar). There is a single 
nucleus, eccentrically located within the finely granular contents. One 
of the cysts is shown in Fig. 8. 

Tri-stalked Forms.—A number of tri-stalked forms were found, ag- 
gregates of three individuals, each individual with a nucleated vacuolar 
mass and a stalk nucleus flattened on the vacuolar side and containing 
numerous endosomal granules. Attaching structures at ends of the 
stalks were not found. 

Occurrence 

Attached to the coelomic face of the body wall, to the gut, and to 
the septa, in the region of segments viii-xxv of the type specimen of 
P. compta Gates 1932. The host was secured in the jungle near Blachi 
on the Karen Hills (western border of the Shan Plateau) to the east of 
Toungoo, Province of Burma, in the month of September. 


Remarks 


Although the host specimen was collected and preserved under 
unfavourable conditions the parasites are well preserved so that the 
various structures can be easily made out without either clearing or 
staining, the specimens having been examined as a rule only in the 
fluid used for preservation of the host. The figures are camera lucida 
sketches made immediately after removal of the parasites and prior to 
staining and clearing. 

SUMMARY 


A new species of gregarine protozoan, Nellocystis birmanica, elon- 
gately club-shaped, attached to the host by short branches of the 
anterior end, with two nuclei, parasitic in the coelom of an earthwormi, 
P. compta, from the Toungoo Hills of Burma, is described. 
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OSMOTIC PROPERTIES OF fH ERYTHROCYTE 


VI. THE INFLUENCE OF THE ESCAPE OF SALTS ON HEMOLYSIS BY 
HYPoOTONIC SOLUTIONS 


M. H. JACOBS AND ARTHUR K. PARPART 


(From the Department of Physiology, University of Pennsylvania, the Department of 
Biology, Princeton University, and the Marine Biological Laboratory, 
Woods Hole, Massachusetts) 


I 


In its osmotic behavior the erythrocyte shows certain anomalies 
that have never been completely explained. For example, it is known 
to undergo considerably less swelling in hypotonic solutions than it 
would if it were a perfect osmometer. This is particularly true of 
hypotonic solutions of non-electrolytes. A part of the discrepancy 
between the observed and the theoretical behavior of the cell is un- 
doubtedly due to the fairly large fraction of its volume occupied by 
hemoglobin, and, to a much less extent, by other protein molecules; 
indeed, according to Ege (1922), when an entirely reasonable allowance 
of 35 or 40 per cent of the cell volume is made for this “‘osmotic dead 
space,” the discrepancy largely vanishes. In the opinion of other 
workers, however (Gough, 1924; Krevisky, 1930; Ponder and Saslow, 
1930), the difference between the observed and the theoretical volume 
changes is too great to be accounted for in this way; according to them 
the apparent dead space may amount to as much as 65 or 70 per cent 
of the total volume. Whatever may be the truth about this disputed 
point, it is certain that some other factor must be involved in producing 
the exceptionally low volumes observed in non-electrolyte solutions. 

Two chief explanations have been offered to account for the above- 
mentioned peculiarities of the erythrocyte. The first (Gough, 1924; 
Krevisky, 1930; Ponder and Saslow, 1930) is that a part of the water 
in the cell is ‘‘bound”’ in such a way that it is unable to take part in 
osmotic exchanges. This explanation is not in accord with the re- 
sults of Hill (1930), whose vapor pressure measurements indicate that 
no considerable part of the water of the erythrocyte fails to make its 
proper contribution to the colligative properties of the cellular solu- 
tions. For this reason, Ponder and his collaborators (Ponder and 
Saslow, 1931; Macleod and Ponder, 1933) have more recently strongly 


supported a second explanation, namely, that the failure of the ery- 
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throcyte to swell to the expected extent is due to a rapid escape of 
osmotically active materials from the cell into such solutions, particu- 
larly into those of non-electrolytes. In favor of this theory, in addition 
to their own important evidence, they cite the demonstration by Kerr 
(1929) that the erythrocytes of several mammals lose their normal 
impermeability to cations in protein-free solutions. The work of 
Joel (1915) on the progressive increase in the electrical conductance of 
suspensions of erythrocytes in solutions of sucrose is probably also 
to be interpreted in the same way, and numerous other observations 
scattered through the literature add further evidence in the same 
direction. 

In view of all the available information, it can scarcely be doubted 
that under appropriate conditions an escape of salts from the ery- 
throcyte into various non-physiological solutions takes place; and such 
an escape may well account for some of the osmotic peculiarities of this 
type of cell. Additional evidence of its occurrence will be given in the 
present paper. We believe, however, as a result of the observations 
about to be described, and of others as yet unpublished, that in experi- 
ments of short duration a leakage of osmotically active materials from 
the erythrocyte is a factor of relatively minor importance. In particu- 
lar, we believe that the peculiar osmotic behavior of the erythrocyte 
in solutions of non-electrolytes, which has been the cause of much 
speculation since it was first observed by Hamburger, can to a consider- 
able extent be accounted for in an entirely different manner, without 
postulating any loss of the normal impermeability of the cell to cations 
and without invoking factors other than those generally agreed to oper- 
ate under typical physiological conditions. 


II 


The method we have employed is based upon a very briefly recorded — 
observation of Green (1925), who reported that human erythrocytes, 
which ordinarily always undergo hemolysis in a 0.3 per cent solution 
of NaCl, may fail to do so after a preliminary treatment with non- 
hemolytic hypotonic solutions. The most plausible explanation of 
this behavior, which is the one proposed by Green, is that during the 
initial exposure to the non-hemolytic solution the swollen cells lose 
salts, and having thus acquired a lower internal osmotic pressure, 
they swell less than would otherwise be expected when the external 
concentration is further lowered. In this way they may escape 
hemolysis in hypotonic solutions in which it would ordinarily occur. 

Unfortunately Green mentions no times in his account of his ex- 
periments, so it is impossible to be certain from his description whether 
the phenomenon he observed occurs rapidly or slowly. Furthermore, 
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his method of comparing the osmotic resistance of the treated and the 
untreated cells is a very rough one. It seemed advisable, therefore, 
to take up the problem again in a more accurately quantitative manner. 
This we have done, employing the method described in the first paper 
of this series (Jacobs, 1930). By its use it is possible to measure per- 
centages of hemolysis with a highly satisfactory degree of reproducibil- 
ity, provided that the following precautions be used: (1) accurate 
measurement of the blood, (2) maintenance of a constant temperature, 
(3) maintenance of a constant pH, and (4) slow but constant stirring 
throughout the experiment. These precautions we have observed. 
In particular the pH of all our NaCl solutions was adjusted in the 
manner more fully described in the second paper of the series (Jacobs 
and Parpart, 1931) to approximately the normal blood reaction, and 
the temperatures were kept within a few tenths of a degree of those 


recorded in the tables. 
TABLE [| 


Ox erythrocytes exposed for varying times to 0.110 M NaCl and then allowed 
to undergo hemolysis in 0.094 M NaCl. Temperature, 19.8° C. 


- Final percentage 


Time of exposure of hemolysis 
Vic ARES OGLE Bashy et Ree ehh See wrens apy bid ct 69 
IL SoaUtraN Och oh 514) SUC aR MeER MAE oes Urine Frere Wa. 8 69 

MO BIIMECS tore Me kok er cme Rene coma oath a 69 
a3 OHIUDUTMUU EE Setar ede, cosy ee eee Seren peta 68 
LEO Oe ee eA UR Oe ME 69 
SAVORS Pe tint heey Sais eae Me ate ae ees ee 68 
SOO UES ate near ct eeatee ee anya Ss sent oan, Meee 65 
OUEST Mente case e ce Mis eee meee ie eee 62 
OU OWUES eae eeeeeee, ce ae SOU RO ete she Meee 59 
MOUS eee ate rl ee em menot s bin SMe 56 
1S NO UTS} makes rattan a eats Ss Se vee 54 
PANO UES yey ee ens ae ae es on eae 49 


The general procedure followed in all the experiments may be made 
clear by outlining a typical one whose results are summarized in Table 
I. In this experiment, which was performed upon ox blood, prelim- 
inary determinations showed that 69 per cent of the erythrocytes 
underwent hemolysis in an hour in a 0.094 M solution of NaCl. This 
percentage showed little or no increase on further exposure, and could 
be obtained accurately and reproducibly in successive experiments on 
the same lot of blood. Different samples of blood were therefore ex- 
posed to a slightly more concentrated, non-hemolytic, but still strongly 
hypotonic (0.110 M) solution of NaCl and then, after times varying 
from one second to many hours, the concentration of this solution was 
suddenly reduced by dilution to 0.094 M. In order that hemolysis 
might, in all cases, take place with constant proportions of blood and of 


6 ae et aks lemma 


OSMOTIC HEMOLYSIS Sls 


the hemolytic solution, the standard degree of hemolysis was deter- 
mined by adding two drops of blood to 50 cc. of 0.094 M NaCl, the 
initial exposure to 0.110 M NaCl was made by adding two drops to 
25 cc. of solution, and the subsequent dilution was brought about by 
mixing with this suspension an equal volume of 0.078 M NaCl. In 
this way the proportions of blood and solution were kept exactly the 
same during the process of hemolysis in all the experiments and in the 
control, namely, two drops of blood to 50 cc. of solution. 

It would be expected that if an escape of salts occurred in the man- 
ner postulated by Green during the preliminary exposure to the non- 
hemolytic hypotonic solution, a lower degree of hemolysis would be 
found after this treatment than in the control. Since the method 
of measurement we employed is a delicate one, giving distinct differ- 
ences in hemolysis with osmotic pressure, differences of a fraction of 
one per cent of that of blood plasma, any considerable loss of salts 
could scarcely have escaped detection. Nevertheless, as seen in 
Table I, the expected increase in the osmotic resistance of the cells 
began to be visible only after 3 to’5 hours, and its subsequent progress, 
though steady, was decidedly slow. The same general result was ob- 
tained in seven successive experiments with ox blood without a single 
exception. It seems likely, therefore, that with this particular kind 
of blood, which was used almost exclusively in our earlier work on 
osmotic hemolysis, an escape of salts in the course of experiments whose 
individual duration was usually from a few seconds to an hour at most 
could scarcely have been a disturbing factor of much significance. 
The criticism of this work by Macleod and Ponder (1933) on the 
grounds that we neglected the escape of salts from our cells, though 
theoretically an entirely valid one, would seem practically to be no 
more serious than similar criticisms that might be made of any of the 
simplifying assumptions that entered into our admittedly preliminary 
and approximate calculations. 

It might perhaps be thought that in the experiment just described 
the initial degree of swelling of the cells was insufficient to permit a 
ready escape of salts but that a greater degree might have done so. 
To meet this objection, experiments were carried out in which a pre- 
liminary exposure was made to a solution which caused a considerable 
amount of hemolysis. In this case, the cells that just escaped hemoly- 
sis might be expected to show the optimum conditions for the escape 
of salts; nevertheless, although our method was capable of detecting 
osmotic changes of the expected sort in any group of more than one or 
two per cent of the cells used, such changes consistently failed to ap- 
pear with ox erythrocytes in times less than several hours. We may 
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conclude, therefore, that even under the most extreme conditions of 
swelling possible without hemolysis, the escape of salts from these cells 
must be fairly slow. 

Another possible objection is that perhaps the escape of salts occurs 
so rapidly that even in the control it is complete before hemolysis has 
had time to take place, and for this reason differences between the 
experiment and the control fail to appear. In answer to this objection, 
which evidently cannot be completely met by experiments on hemoly- 
sis alone, it may be said that any escape of materials from the erythro- 
cyte that proceeds as rapidly to a fixed end-point as the one just pos- 
tulated can scarcely be the same as those studied by Kerr and by 
Joel, which apparently take place gradually and progressively over a 
period of hours. It is also difficult to’ believe that it is the same as the 
one indicated after 5 hours in Table I, since it is highly unlikely that a 
mere diffusion process would proceed almost instantly to some fixed 
point, then cease for several hours, only to be resumed again at the end 
of that time. If a rapid, indeed apparently an almost instantaneous, 
change in the osmotic properties of the erythrocyte occurs on placing 
it in a hypotonic solution—which is by no means inconceivable—1t is 
probably due to some other cause than a mere outward diffusion of 
salts. The extreme definiteness of the behavior of erythrocytes in 
hypotonic solutions, which is brought out very clearly by the work of 
Ponder and Saslow (1931), suggests the possibility of a changed ionic 
equilibrium of some sort rather than a mere leakage of salts. In the 
case of non-electrolyte solutions, we believe that a plausible suggestion 
can be made as to the possible nature of such an ionic equilibrium, and 
this will be given below; in the case of electrolyte solutions, however, 
we have at present no definite explanation to offer. 


Iil 


The experiments so far described were performed upon the ery- 
throcytes of the ox, which had been used in most of our previously 
published work. After confirming our earlier impression that the 
hemolytic behavior of these cells is probably not complicated to a 
troublesome extent in experiments of moderate duration by a leakage 
of salts, we examined in the same way the erythrocytes of several other 
species of mammals. The result of these experiments was to show 
specific differences of a rather surprising magnitude. Unlike the 
erythrocytes of the ox, which remained apparently unchanged in 
non-hemolytic hypotonic solutions for a number of hours, those of the 
pig, cat, rabbit and, in the single experiment as yet made, those of man 
usually showed fairly marked changes within an hour, and in some 
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cases within a half-hour or less. A typical experiment with erythro- 
cytes of the cat is summarized in Table II, and one with those of the 
rabbit in Table III. In the case of the cat cells, it will be noted that a 
decided increase in resistance was apparent in 30 minutes, and that 
roughly as much change had occurred in 3 hours as had been previously 
found with the ox cells in 21 hours. The erythrocytes of the pig seem 
to be somewhat more variable in their properties than those of the cat, 
the observed differences apparently depending to a considerable extent 
on the ‘“‘age”’ of the cells. At the one extreme was a case where a 
marked increase in resistance occurred in 10 minutes and, at the other, 
one where no change was apparent in 2 hours. 


TABLE II 


Cat erythrocytes exposed for varying times to 0.100 M NaCl and then allowed 
to undergo hemolysis in 0.087 M NaCl. Temperature, 21.2° C. 


Final percentage 


Time of exposure of hemolysis 
Ore te cng ure 2 Seta es AN eee NU 76 
I SonNG oie ete aa Pe Pha Rear RN Lt 75 

AO Santa Sete ih ee eere erectile ue alee Ney See re eae 74. 
S ON MIMU LESH eta along cin Ses Nahas ool. ae ec cee 70 
SOMMAMNITEES eee es cee ere etree ee 69 
HOVMINUECS TENS SC ae eee 68 
OORmIMEES ete cc cect eee ey ne eee 66 
DITO UTS ope fe AS te pene en etek Al ea cee aa 65 
SITOUIEG ne cheers Sacce yates aoe eine atin tn ea even re 59 
AS TO UES Res RR tl de bomeh EA oe MEN fen el Sa Sea 59 
FINO UES gee se cite sae pe ch RU en! 53 
TABLE III 


Rabbit erythrocytes exposed for varying times to 0.095 M NaCl and then 
allowed to undergo hemolysis in 0.072 M NaCl. Temperature, 22.7° C. 


Final percentage 


Time of exposure of hemolysis 
Ogre cio A eRe EtG hc seer ae Pee te 58 
Aes rTOTENUT Dee Ge sc lal a ey eM ss el 1) eae vena an 57 
SS ATUTMLES RE cos, sarc Sie ee od Rela ae naan 61 

1Opminutests |... Fee co. Aaa ee 62 
SOLIMINUCES rry.ts 4c: 2 ees ee Ee 59 
TOUR i438 oo a eae > 9 <3, Ke 51 
2 AVOURSIR eck Ste eee es eR aes 45 
SHINO UEGH Re se kk See ete. ae lig een 36 
A STG URS Reape aes os SEE ee eee ee 30 
SOUS: ecg 21s. csc RENE toma ola 28 
SHITOULS eee rete cic nace See ee oor 29 


In the experiments on rabbit erythrocytes, a typical example of 
which is represented in Table III, the results were somewhat unex- 
pected. The fall in the percentage of hemolysis which we have 
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interpreted as being due to an escape of salts occurred fairly rapidly, 
as with the cat, but unlike the cases previously described, this increase 
in resistance was preceded by a temporary fall. In other words, 
rabbit cells after short exposures to a non-hemolytic hypotonic solution 
seem to be slightly more easily hemolyzed than the controls, though 
after longer exposures they behave in the more typical reverse manner. 
Perhaps factors such as those discussed by Ege (1921) may be involved. 
In connection with the use of rabbit erythrocytes, for osmotic experi- 
ments, reference may also be made to the recent work of Csapé and 
Kerpel-Fronius (1933), who have pointed out that this species is re- 
markable among mammals in the large fluctuations it shows in the 
depression of the freezing-point of its blood. According to these 
authors the rabbit is able to maintain constancy of blood pH only at the 
expense of the constancy of osmotic pressure usually found in mam- 
mals. For this reason it would seem that until the properties of 
rabbit’s blood have been very fully investigated, considerable caution 
should be used in extending to other species conclusions drawn from 
experiments on it alone. 

From this brief summary of our results on the erythrocytes of 
several species of mammals other than the ox, it is evident that not all 
kinds of blood are equally suitable for osmotic experiments. To the 
extent that changes such as those indicated in Tables II and III occur, 
the escape of salts from swollen cells must be regarded as a disturbing 
factor in all such experiments. The magnitude of the resulting errors, 
however, is usually not so great as might be imagined, since the method 
here employed is a delicate one which brings out clearly small differ- 
ences. For example, a change in the percentage of hemolysis from 
76 per cent to 70 per cent, such as occurred in the erythrocytes of the 
cat in 30 minutes, corresponds to a concentration difference of the order 
of magnitude of 0.001 M NaCl, z.e., to an osmotic pressure difference 
less than 1 per cent of that of the blood. While, therefore, the erythro- 
cytes of the pig, the cat, and the rabbit are obviously less suitable for 
osmotic experiments than are those of the ox, which by a lucky accident 
we happen to have used in most of our previous work, even they may 
be expected in experiments of not too great duration to yield results 
that are not hopelessly complicated by an escape of salts. 


IV 


The apparently abnormal osmotic behavior of erythrocytes in 
solutions of non-electrolytes has been recognized since the early work of 
Hamburger (for a general summary, see Hamburger, 1902). The view 
that this behavior is due to an escape of salts was expressed by Bang 
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(1909) and has recently received additional support from Ponder and 
Saslow (1931). Our own experiments on hemolysis in hypotonic non- 
electrolyte solutions, made by the method already described, confirm 
the general conclusion that osmotically active substances escape with 
especial readiness into such solutions. They indicate, however, that 
there is an earlier and a more characteristic effect of non-electrolyte 
solutions of a very different nature, which is entirely compatible with, 
and indeed dependent on, the normal impermeability of the erythrocyte 
to cations. The escape of salts, z.e., of both anions and cations, which 
undoubtedly occurs, seems to be a later and a more pathological 
phenomenon. 
TABLE IV 

Ox erythrocytes exposed for varying times to 0.2 M sucrose and then allowed 

to undergo hemolysis in 0.125 M sucrose. Temperature 20° C. 


Final percentage 


Time of exposure of hemolysis 
(Pe ete ee, Lh) sae eee ae eh ee eee 61 
Psecondl in 2 ee eee ere 56 
SESE CONC Signe 8 bias kiran ee keene eee ee 52 

OKSE COMES Rois las cobra medew cere ene ieee 35 
DOSE COM CS i eer se eee oe re ee 24 
SOXSECOMUSH at as ere ae ee Eat D355) 
LR IMATRUTe ee, Se ae Ae eh eine a eae 21.5 
SUMMA E Sei ces seis. ais Fe eRe eo ore ee 18.5 
NOMI bESH tes aks ogee roc ere 18.0 
AS TATA S ek ols AN a RAR SARE a leg 18.0 
POS ra TE Ste ey ek eae as taney, ts Sta it 13.0 
SOMME Se 2 aes so cetacean ek kn eC Lowe 7.0 
A SUITE See ese: decades users On ei tes Ad aa 5,5 
OOkmmimmGeSe hy sc Mera how atte ae Ui ete 0 


In Table IV are presented the results of a typical experiment on ox 
erythrocytes with a non-electrolyte solution. In striking contrast 
with the behavior of these cells in hypotonic non-hemolytic NaCl 
solutions in which their normal osmotic properties are maintained for 
hours is that in similar solutions of sucrose. In the present experiment 
it will be noted that as much change occurred in 1 second as in that 
previously described (Table I) in perhaps 5 hours. Within 20 seconds 
the change was greater than that ever obtained in a day with a hypo- 
tonic NaCl solution. Do such results indicate an equally great differ- 
ence in the rate of escape of salts from the cells in the two solutions? 
We believe that they do not, but that the change that occurs in 
erythrocytes exposed to non-electrolyte solutions consists of two 
phases: a very rapid ionic shift, whose effects are apparent within a few 
seconds, and complete within a minute or two, and following this, 
usually after a distinct pause, which in the present experiment amounted 
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to approximately 10 or 15 minutes, a much slower leakage of salts from 
the cell, which is, nevertheless, considerably more rapid, and which 
begins much earlier than is the case with the similar change in elec- 
trolyte solutions (cf. Table I). As far as the second change is con- 
cerned, we are in agreement with Bang (1909) and with Ponder and 
Saslow (1931). .We differ from them, however, in our interpretation 
of the first and more striking change which has apparently not pre- 
viously been recognized as a different phenomenon. 

Our reasons for considering the rapid initial change as due to an 
ionic exchange rather than to a leakage of salts are: first, its rapidity 
and definiteness; second, the fact that it occurs in isosmotic as well as in 
hypotonic sucrose solutions, whereas, according to Ponder and Saslow 


TABLE V 


Ox erythrocytes exposed to 0.2 M sucrose for 3 minutes and then for varying 
additional times to 0.2 M sucrose containing 0.002 M NaCl. Final hemolysis in 
0.125 M sucrose or in same + 0.001 M NaCl. Temperature, 20° C. 


Final percentage 


Time of exposure of hemolysis 
No initial exposure to 0.2 M sucrose....... 61 
3 minutes exposure to 0.2 M sucrose....... 20 
Same after the following further exposures to 0.2 M sucrose + 0.002 M NaCl 
SORSECON dS Benes 5 eae ace eet 53.5 
LETTE ee ceea skin eee eee 60 
DT Nayo LO Sioc ON eRe meee e toclcn Zick Bane eee 60.5 
SEMIN EES Mere ease ae Sar oe eee ree! 55.0 
(Simin bese et see ete 54.0 
SOMMIMUES mpeene ss sen eRe He oaks 52.0 
AQOKmMiMUEES Hae esc cee taste eae SYS) 
SOMMINWECS tea. ke eae eee eS ae 475 
LOO;mInUteS ye eee EE os Pace 44.5 
LOOM ES es + os eee ae ee 34.5 
PASS WA MMNDOLUIC ESC) 5 GG ATR SOS ee oi ae 12.0 


(1931), leakage of salts in general takes place only in the latter, in 
proportion to their degree of hypotonicity; and third, and most im- 
portant, the fact that this effect is readily reversible while the second 
and slower one is not. A typical experiment showing this reversibility 
is summarized in Table V. As indicated in this table, an exposure of 
ox erythrocytes for 3 minutes to 0.2 M sucrose reduced the degree of 
hemolysis in 0.125 M sucrose from 61 per cent to 20 per cent. Fora 
time this new level was maintained before falling further. If, however, 
the cells after a 3 minutes exposure to 0.2 M sucrose were placed in 
0.2 M sucrose + 0.002 M NaCl for varying times and the resulting 
suspension was then suddenly diluted to 0.125 M sucrose + 0.001 
M NaCl, the percentage of hemolysis returned to about its initial 
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value. The same general results were obtained when the final solution 
was 0.125 M sucrose + 0.002 M NaCl. In other experiments it was 
found that CaCl. is roughly twice as effective as NaCl in reversing the 
non-electrolyte effect and that times of considerably less than 30 
seconds are sufficient to produce the change. 

If it be supposed that the observed rise in the osmotic resistance of 
the erythrocytes during a 3-minute exposure to 0.2 M sucrose is due 
to a leakage of salts from cells that have lost their normal imperme- 
ability to cations, then it is extremely difficult to see how the original 
properties of the cells can so easily be restored by the simple treatment 
described above. The explanation of an ionic exchange between 
essentially normal cells and their surroundings seems much more 
plausible. It is to be noted that the later and slower increase in 
resistance, which we have interpreted as being due to an escape of 
salts, cannot be reversed in this way. This is shown not only by 
experiments in which the original exposure to 0.2 M sucrose is of long 
duration, e.g., an hour, but also by the fairly rapid falling off of the 
figures in Table V. Evidently, even in the presence of added NaCl, 
the high degree of hemolysis at first produced cannot be maintained, 
which is what would be expected if salts slowly escape from the cells 
into the solution. 

V 

It remains to consider the manner in which a mere reversible 
exchange of ions between an unaltered erythrocyte and its surroundings 
could simulate the osmotic effect produced by an irreversible escape 
of salts or other osmotically active materials. One possible method 
by which this effect might be produced in a cell permeable to anions 
and not to cations was suggested in principle many years ago by 
Hamburger (1902) and is further discussed by Ege (1921). If, for 
example, SO,”’ ions from outside the cell were exchanged for electri- 
cally equivalent quantities of Cl’ and HCO,’ ions from inside the cell, 
the internal osmotic pressure would be lowered, since the exchange 
would be in a 1:2 ratio. Though this method illustrates the pos- 
sibility of a decrease in internal osmotic pressure without “‘leakage”’ 
and without any other change in the normal properties of the cell, it 
obviously cannot apply to non-electrolyte solutions in which the only 
ions present are H: and OH’, both of which are univalent. However, 
though the exchange of Cl’ or HCO,’ from the cell for OH’ from the 
solution can produce no direct osmotic effect (see Jacobs and Parpart, 
1932, for evidence that H’, as such, does not enter the cell), it by no 
means follows that an indirect effect is impossible. It will now be 
shown that, as a matter of fact, such an indirect effect is to be expected. 
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(In this connection see also Jacobs, 1932, and, for an important con- 
tribution to the general theory, Netter, 1928.) 

It is almost universally admitted (for a summary of the evidence 
see Jacobs, 1931) that, whatever may be true of the erythrocyte in 
abnormal surroundings, in the body it is freely permeable to at least 
most anions and practically impermeable to cations. It is also gener- 
ally agreed that of the total base contained within the cell, a part 
under usual conditions is combined with hemoglobin to form a dis- 
sociated salt-like compound, and most of the remainder is paired with 
inorganic anions such as Cl’ and HCO’. The proportions of the total 
base bound by hemoglobin, on the one hand, and by other acids, on 
the other, are subject to rather wide variations with changes in pH, 
temperature, oxygenation of the hemoglobin, etc.; these variations are 
of importance in connection with the normal physiological transport 
of CO, by the blood. When we add the further well-established fact 
that the osmotic pressure of a solution of the salt of hemoglobin, which 
may be represented as BnHb, is much less than that of a solution con- 
taining the same amount of base in the form of a uni-univalent salt, 
e.g., of n BCI or n BHCOs, we have all the facts necessary for a plaus- 
ible theory as to the apparently peculiar behavior of the erythrocyte 
in non-electrolyte solutions. 

To avoid unnecessary complexity we may consider the system: 


HHb + BHb + BCI | non-electrolyte 


in which all the inorganic salts of the erythrocyte are for simplicity 
treated as chloride. The system is otherwise supposed to have the 
general properties just mentioned. By hypothesis, the membrane 
which separates the two solutions is permeable to the anions Cl’ and 
OH’ but not to cations nor to hemoglobin in any form. Under these 
conditions, by the principle of Donnan, the equilibrium 


[Cl] inside _ [OH ]inside _ [H] outside 
[Cl] outside [OH] outside  [H ] inside 


will tend to be established. Following the usual approximate treat- 
ment of such problems, we shall consider the quantities within the 
square brackets to represent concentrations rather than activities, 
from which they do not here differ very greatly numerically. 

In the attainment of the equilibrium condition there must be an 
exchange of OH’ from the external solution for Cl’ from the cell. But 
such an exchange leads to the reaction: 

HHb — K‘Hb’ 
IK? | dake H,O | H 
Cia tOn’ <— CH 


es. - =. es 
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which evidently diminishes the internal osmotic pressure. No salt 
has left the cell and the ions Cl’ and OH’ have been exchanged in 
amounts which are exactly equivalent osmotically, and yet the some- 
what paradoxical result appears that the cell has undergone an osmotic 
change in the same direction as if it had suffered a leakage of salts. 


VI 


It would seem that there could be little theoretical objection to the 
mechanism just suggested, which is deduced entirely from generally 
accepted properties of the erythrocyte. The only question likely to 
be raised is as to whether the magnitude of the effect so produced 
could be great enough to account for the observed initial behavior of 
the erythrocyte in non-electrolyte solutions. This question may be 
at least partly answered by a simple semi-quantitative treatment of 
the equilibrium in question. It is unfortunately not yet possible to 
make calculations of completely quantitative exactness; this difficulty 
is due both to the complexity of the erythrocyte and to the insufficiency 
of the existing data. Nevertheless, at least the general principles 
governing all such systems will emerge from the calculations about to 
be made. 

For simplicity let us start with what initially amounts practically 
to a unit volume of cell contents, exclusive of the ‘“‘osmotic dead 
space’’ referred to above, 7.e., with a quantity of cells containing a 
unit amount of water. The volume of the cell water, which may be 
represented by V., will vary during the course of the experiment with 
changes in osmotic pressure within the cells. The amount of the 
external non-electrolyte solution is assumed to be so large that its 
volume, V, will undergo no appreciable changes. This condition is 
actually realized in the experiments described above in which the 
cells were suspended in over 1000 times their own volume of solution. 
The external solution at the beginning of the experiment will be 
assumed to be-exactly neutral and isosmotic with the blood. Cases 
where it is not initially isosmotic can be treated by imagining that 
before any other changes occur the cells gain or lose enough water to 
bring them into temporary osmotic balance with the surrounding 
solution; this treatment is justified because we are dealing with a 
final equilibrium and the position of such an equilibrium is not affected 
by the order in which the various supposedly reversible changes that 
lead to it occur. 

At equilibrium we must have: 


[Cl]inside _ [H] outside 


[Cl] outside [H ] inside © 
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For convenience H: ions rather than OH’ ions have been used in this 
equation because, although the cell is believed to be impermeable to 


them, their concentration at all times bears the fixed relation to that | 


of OH’ represented by [H ][OH] = K.. There may now be sub- 
stituted for the four quantities in brackets in equation 1 expressions 
involving V, and V, already defined, and the amounts of hemoglobin, 
@, total base, b, base bound by hemoglobin, 0’, and chlorine, ¢, initially 
present in the cell, together with the amount, «, of Cl’ exchanged during 
the course of the experiment for OH’. The resulting equation may 
then be solved for x and the magnitude of the resulting osmotic effect 
estimated. 

The equilibrium value of [Cl] inside is obviously (c¢ — x)/Ve. 
But the volume of liquid in the cell is supposed to be determined 
according to ordinary osmotic laws by the quantities of solutes present. 
If the initial volume is unity, V. must therefore be equal to 
(atbte—x)/(a+b-+c). It will be noted that a and 6 undergo 
no change, since the cell is impermeable to hemoglobin in all forms and 
to cations; x therefore represents the total change in the solutes in the 
cell. The value of [Cl Joutsiae is the simplest of the four quantities in 
brackets, being merely x/V. Of the quantities on the right-hand side 
ofthe equation, (BElieweae — [1 Cllousiae + TORU jcisiae,) Ol, sue 
stituting x/V for [Cl] and K.,/[H] for [OH] we have: 


Lal doiesite = 


iinet ne . 
ANE at = ate > 
4 | 


For practical purposes, since K,, in our problem is very small compared 
with x2/4, no appreciable error is caused by placing [H ] outsiae = x/V. 
This is the same as saying that [H Joutsiae is practically the same as 
LCI Joutside- 
We have now only to find the value of [H_] inside in terms of the 
quantities already used in order to have a complete equation from 
which x may be determined. Fortunately, the reaction HHb + K’ 
+ OH’ = K: + Hb’ + H.O is practically complete within the pH 
range dealt with here, so x, the amount of OH’ that enters the cell, 
is with no appreciable error, equal to the additional base combined 
with hemoglobin over and above the amount, 0’, initially present. 
For the relation between pH and the amount of base combined with 
hemoglobin we have selected as sufficiently accurate for our purposes, 
the simple equation given by Van Slyke, Hastings, Heidelberger, and 
Neill (1922) in place of their more complicated one published later. 


Pye. Fee A 
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The equation used is that for oxyhemoglobin, since oxygenation is 
almost complete under the conditions of our experiments. It is: 

Total base combined = b’ + x = 2.6 Hb (pH — 6.6). (2) 

This may be rewritten 

b' +x 

2.6 Hb 


pH = + 6.6 


and finally, 
Pe ae = = 10 (eae) 


Conditions within the erythrocyte are doubtless somewhat dif- 
ferent from those for which this equation was intended to apply, but 
probably not sufficiently so to deprive our calculation of at least a 
semi-quantitative significance. Though the equation describes the 
behavior of hemoglobin at 38° C. and our experiments were made at 
20° C., this difference is not as serious as it might appear to be, since 
we are interested primarily in changes in base bound by hemoglobin 
and, according to Stadie and Martin (1924), the changes in BHb with 
change in pH, z.e., the buffer value of Hemoglobin, are scarcely affected 
by moderate temperature changes. 

Combining now the values separately found for the four quantities 
in brackets in equation (1) we have, after transferring [H Joutsiae to 
the left-hand side: 


1G 42 Ose Ce = 39) us 107 (aennt 8) 
Va+6+c)(c — x) 


(3) 


By the substitutions of appropriate numerical values for a, }, c, 
V and bd’, equation 3 may be solved for x by any of the usual methods 
for the solution of transcendental equations (see in this connection 
Scarborough, 1930). The values here chosen have mostly been taken 
in round numbers from the data given by Henderson (1928, pages 
195-6) after reducing them to amounts per unit volume of cell water. 
For 6 we have taken 0.160 and for c, 0.080 mols per liter of water. For 
total hemoglobin in the equation used for the calculation of combined 
base, we have taken 0.030, which is approximately Henderson’s 
figure, and is measured in terms of the combining power of hemoglobin 
for oxygen; for a, on the other hand, which is a measure of the osmotic 
effectiveness of the total hemoglobin, a lower figure is necessary and 
we have somewhat arbitrarily chosen one of 0.010; the exact value 
assigned to a is, as a matter of fact, within reasonable limits, of little 
consequence. The calculated amount of base combined with hemo- 
globin, 0’, at pH 7.1, the assumed initial intracellular pH, proves to 
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be somewhat less than Henderson’s figure, but to be consistent we 
have used equation 2 throughout. The value so calculated is 0.039.1 

In Table VI are given the calculated equilibrium values of x and V, 
and of the concentrations of Cl’ and H’ inside and outside the hypo- 
thetical simplified erythrocytes for two selected values of V. The 
larger one represents approximately the conditions of the experiments 
where one drop of blood was suspended in 25 cc. of solution. It is 
obvious that under these conditions the osmotic effect of the ionic 
exchange in question is very considerable. The calculated volume 
change in Table VI for V = 1000 is approximately 15 per cent. This 
change would be more than enough to account for the rapid initial 
decrease in the percentage of hemolysis shown in Table IV, since in 


SATB INE Vol 


Equilibrium values calculated by means of equation 3 for the two cases: V = 100 
and V = 1000. 


V = 100 V = 1000 
oF 0.00697 0.0368 
Ve _ 0.972 0.853 
[Cl]o ODT S< 10-2 3,08) <Q LOme 
[Cl]; dal X< Ore S00 d< 10? 
[Cl]i/[Clo TAOS SS 108 esi >< iS 
[H]i 6.47 X 1078 2.08 ealOms 
[H]o 6.97 < 107 3208) ce Ome 
[H)o/[H]i 1.03 < 10% esi <0 


the preliminary standardization of the blood used in this experiment 
it was found that an increase in concentration from 0.125 M to 0.135 M 
sucrose (7.e. about 8 per cent) reduced the percentage of hemolysis by 
about the same amount as the 3-minute pre-hemolytic exposure to 
0.2 M sucrose. 

It should be strongly emphasized that no importance is attached 

1 This value of b’ gives rise to the difficulty that the sum of 6’ and c is not equal 
to b as it should be. However, even if this equality had been preserved by reduc- 
ing b to 0.119, the effect on Table VI would have been so slight as to be scarcely 
noticeable; the new values of x in this case would have been 0.00699 and 0.0372 and 
those of V, 0.967 and 0.822 instead of the ones given. From the manner in which 


b enters into equation 3, its exact value over a considerable range, like that of a, is 
relatively unimportant. 


OSMOTIC HEMOLYSIS ii 


by us to anything but the order of magnitude of the calculated values 
of x and V,. In the first place, the hypothetical system for which the 
calculations have been made differs from the erythrocyte in several 
important respects; for example, the CO»-bicarbonate system has 
purposely been omitted from it. Furthermore, it is impossible under 
actual experimental conditions to expose erythrocytes to pure non- 
electrolyte solutions—at least without first altering them by excessive 
washing, since otherwise some salts will of necessity accompany them 
—and Table VI as well as the experiment on which Table V is based 
show the important effect of very low concentrations of electrolytes 
in the external solution. Finally, there is the difficulty, discussed in 
an earlier paper (Jacobs, 1932) that even during the process of 
hemolysis in a non-electrolyte solution a change in osmotic resistance 
may occur; and for this reason the degrees of hemolysis observed in 
the controls may be affected in a way that is far from simple. It 
would seem impracticable, therefore, at least by the present type of 
experiments, to make a thoroughly satisfactory quantitative test of 
the correctness of the theory here advanced. We believe, however, 
that the calculations that have been made, rough as they admittedly 
are, will at least serve to indicate that a reversible ionic exchange is 
not unworthy of further consideration as one of the factors responsible 
for the apparently anomalous osmotic behavior of the erythrocyte. 
We are very glad to acknowledge the valuable assistance of Mr. 
Samuel A. Corson in connection with many of our experiments. 


SUMMARY 


1. The degree of hemolysis of ox erythrocytes produced by a given 
hypotonic NaCl solution is not decreased by a previous exposure of 
from a few seconds to several hours to a similar but slightly less 
hypotonic non-hemolytic solution. Within this period the hemolysis 
method gives no evidence of any escape of osmotically active sub- 
stances from the cells. After 3 or 4 hours in the case of ox erythro- 
cytes, and from a few minutes to an hour in the case of those of the 
pig, cat, rabbit and man, there may be a gradual increase in osmotic 
resistance suggestive of a slow escape of salts. 

2. Solutions of sucrose, either hypotonic or isotonic, cause a 
striking increase in the osmotic resistance of erythrocytes; this occurs 
in two stages: a rapid one and a much slower one which follows the 
first after a considerable interval. While the slower change is probably 
associated with an escape of salts, the more rapid and more striking 
one, which is readily reversible, is interpreted as being due to an 
exchange df anions from the cell for OH’ ions from the solution, the 


528 ME JACOBS) ANDRAMK PARPART 


resulting increase in base bound by hemoglobin causing a decreased 
osmotic pressure within the cell. Calculations show that the expected 
osmotic effect of such an exchange is of the order of magnitude of that 


actually observed. 
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NOTES ON THE CENTRIOLES OF AMPHIBIAN 
ISSUE CGRELS 


AMOUR We POELISTER 


DEPARTMENT OF ZOOLOGY, COLUMBIA UNIVERSITY 


INTRODUCTION 


The central apparatus was a favorite object of cytological study 
for about thirty years following its discovery by Van Beneden in 1876. 
The extensive literature on this subject during that period included a 
considerable body of data tending to the conclusion that a part of the 
central apparatus, the pair of centrioles, is a constant component of 
most metazoan cells. These data, chronologically tabulated by 
Heidenhain in 1907, form an impressive array including examples of 
centrioles in many invertebrates and in practically every type of 
vertebrate somatic tissue cell. I have recently been able to confirm 
many of these results in studies on the favorite object for histological 
researches, the tissues of Amphibia; and in view of the fact that the 
earlier results have received practically no detailed attention in 
American cytological literature it seemed to me that it might be worth 
while to describe my observations briefly. 

The greater part of the literature on centrioles has been concerned 
entirely with the behavior of these bodies during mitotic cell division. 
Curiously enough, researches demonstrating that the centrioles found 
in non-dividing cells actually separate and take positions at the ends 
of the mitotic spindle are rather rare. Accordingly I have included in 
Part II a description of a very clear case of this sort. 


MATERIAL AND METHODS 


The centrioles of non-dividing cells have all been drawn from serial 
sections of a 14 mm. larva of Ambystoma opacum. By this stage the 
animal has been feeding for some time, yolk resorption is completed, 
and most of the tissues are essentially like those of the adult. The 
animal was fixed in Benda’s fluid, mordanted, and stained by the 
alizarin-crystal violet method. The slides were differentiated espe- 
cially for demonstration of centrioles, which are stained an intense 
violet by this method. In such a preparation only the following 
cytoplasmic structures are stained in addition to the centrioles: myo- 
fibrillee of striated muscle fibres, prozymogen granules of the pancreas, 
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granules in the cells of the first part of the proximal segment of the 
pronephric and mesonephric tubules, and the eosinophilic granules of 
leucocytes. Accordingly, in most cells the cytoplasm is almost 
completely colorless and homogeneous except for the two deep purple 
centrioles. Occasionally the chondriosomes are visible though 
unstained. But in most cells, although these bodies are well preserved, 
as can be demonstrated by heavier staining with the crystal violet, 
the chondriosomes are indistinguishable when unstained, presumably 
because their refractive index is almost exactly that of the general 
cytoplasm. I have made all the drawings from this one animal for 
the very obvious reason that such a method is of itself almost a com- 
pletely adequate refutation of any doubt as to the homology of the 
centrioles in the different tissue cells. Indeed on any one section 
there are always examples of centrioles in a considerable number of 
different cells. 

The study of the leucocyte divisions (Part II) has been made from 
the leucopoietic capsule of the liver of Amphiuma tridactylum also 
prepared by the Benda method. 


OBSERVATIONS 


I. Centrioles of Non-dividing Cells 


Connective Tissues——The fibroblast (Fig. 1) contains a pair of 
centrioles in a small volume of cytoplasm closely adjacent to the 
nucleus. This agrees with the observations of Spuler (1896) on the 
mammalian fibroblast. The cartilage cell (Fig. 2) contains a pair of 
large centrioles either near the surface of the cell as here figured or in 
an internal position near the nucleus. Wherever located the centrioles 
are surrounded by an area of cytoplasm that stains more heavily than 
the exceptionally clear remainder of the cell. This region is obviously 
the same as the more sharply demarcated sphere of cytoplasm described 
by von Smirnow (1906) in the cartilage cells of Proteus. 

Smooth Muscle-—This cell, of which only a part is shown in Fig. 3, 
contains a pair of small centrioles located opposite a point approxi- 


EXPLANATION OF PLATES I-VI 


The figures are all camera lucida drawings made at the table level with a Zeiss 
120 objective and a 20X ocular. This gives a magnification of approximately 3600 
diameters. The figures have been reduced one-half in reproduction. The epithelial 
cells of Plates II and III have all been mounted so that the lumen end of the cell 
faces the top of the plate. The figures of Plates I, II, and III have been drawn from 
serial sections of a 14 mm. larva of Ambystoma opacum prepared by the Benda 
method. Plates IV, V, and VI were drawn from slides of the liver of Amphiuma 
tridactylum prepared by the same method. 
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PLATE I 


Explanation of Figures 


Fibroblast from the submucosa of the wall of the stomach. 

Cartilage cell from the basisphenoid cartilage. 

Smooth muscle fibre from the wall of the stomach. 

Non-granular leucocyte from the capsule of the liver. 

Thrombocyte from the atrium. 

Epithelial cell from the serosa of the stomach. 

Epithelial cell from the lining of the pericardium. 

Endothelial cell from branchial vessel. 

Cell from the lower layer of the stratified squamous epithelium lining the 
pharynx. 
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mately midway along the length of the nucleus, where there is fre- 
quently a small depression in the nucleus. This observation agrees 
exactly with the results of von Lenhossék (1899). 

Blood Cells —The non-granular leucocyte of Ambystoma opacum 
(Fig. 4) has a nucleus that is roughly kidney-shaped and located in one 
side of the cell. The two centrioles lie nearly in the center of the 
cytoplasm opposite the concave surface of the nucleus. By study of 
other preparations it becomes clear that the centrioles are enclosed 
in a sphere as in Amphiuma (Fig. 26). The leucocyte centrioles have 
been more extensively studied than those of any other vertebrate 
tissue. Heidenhain (1907), who has given them most detailed atten- 
tion, frequently found cells that apparently contained three centrioles. 
I have never seen any cell that had more than two and I think that 
Heidenhain’s results can be completely understood when one realizes 
that he used the iron hematoxylin method of staining centrioles. As 
shown in Fig. 26, closely adjacent to the centrioles there is a third 
body, which I have somewhat inaccurately called a centrosome (Pol- 
lister, 1932a), and which is the focal point of the rays of the large 
aster which is characteristic of amphibian leucocytes. This centro- 
some often stains as heavily with iron hematoxylin as do the two 
centrioles and in my slides prepared by this method one sees a majority 
of the cells with three granules in the position of the centrioles. With 
the Benda method, however, it is easily seen that one of these is the 
centrosome and two are the centrioles since only the latter are stained 
by the crystal violet. 

The thrombocyte (Fig. 5) of Ambystoma opacum contains a pair of 
small centrioles opposite the middle of the nucleus. I have been 
unable to identify the centrioles in the erythrocyte owing to the fact 
that the entire cytoplasm of this cell stains very heavily with the 
crystal violet. 

Epithelial Tissues.—The peritoneal epithelial cell (Fig. 6) usually 
contains a pair of centrioles not far to one side of the nucleus, exactly 
as figured by Flemming (1891) in the first observations of centrioles 
in somatic cells. In some instances (Fig. 7) these bodies are located 
between the nucleus and the free surface of the cell adjacent to the 
coelomic cavity. Endothelial cells (Fig. 8) have a pair of centrioles 
located between the nucleus and the lumen of the blood vessel. 

The surface cells of the stratified squamous epithelium lining the 
pharynx of Ambystoma opacum (Fig. 10) contain a pair of centrioles 
surrounded by a clear sphere and located just within the lower part of 
the cuticle at the free surface of the cell. The deeper cells (Fig. 9) 
likewise have the centrioles situated between the nucleus and the 
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PLATE II 


Explanation of Figures 


10. A surface cell of the stratified squamous epithelium lining the pharynx. 
11. Cell from the surface epithelium of the stomach. 
. 12. Two cells of a gastric gland. 

13. A cell from the surface epithelium lining the intestine. 

14. Three cells of the surface epithelium of the small intestine seen on end 
from the direction of the lumen of the intestine. 

15. Section of an intestinal gland showing all of one cell and parts of three others. 

16. Mucous cell from the cesophagus. 

17. Goblet-cell from the small intestine. 

18. Epithelial cell from the lining of the unexpanded larval lung. 
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direction of the free surface of the epithelial layer. Both these ob- 
servations agree exactly with those of Zimmerman (1898) and Joseph 
(1903). 

The surface epithelial cells of the stomach (Fig. 11) have the end 


adjacent to the lumen specialized as a thick cuticle. Immediately 


under this cuticle is a pair of centrioles so arranged that one is always 
nearer the nucleus than the other. There are two types of cells in the 
gastric glands of Ambystoma opacum. These two are drawn in Fig. 12. 
Each cell contains a pair of centrioles between the nucleus and the 
lumen end of the cell, somewhat nearer the latter. 

The surface epithelial cells of the intestine (Fig. 13) have a special- 
ized border on the free surface and a pair of centrioles in exactly the 
same topographical relationship as is found in the gastric mucosa. 
This situation agrees with the descriptions given by Zimmerman (1898), 
and by Heidenhain (1907). As shown in Fig. 14 the centrioles are 
located approximately in the center of the tip of the cell in most cases. 
The intestinal gland cells (Fig. 15) contain a pair of centrioles sur- 
rounded by a small sphere of more lightly-staining cytoplasm and 
located in the same region of the cell as the centrioles of the gastric 
glands. 

In mucous cells the centrioles are always situated deep within the 
cytoplasm, some distance from the lumen end of the cell—in marked 
contrast to the other cells in direct contact with the digestive cavity. 
They are generally near the proximal end of the mass of mucus that 
occupies the tip of the cell as previously described by Zimmerman 
(1898), Lenhossék (1898), Joseph (1903), and Tschassownikow (1914). 
A mucous cell from the oesophagus is shown in Fig. 16 and the typical 
goblet-cell of the intestine is illustrated in Fig. 17. I have been unable 
to confirm Joseph’s description of a fibre running toward the lumen end 
of the cell from the distal centriole and another fibre extending toward 
the nucleus from the proximal centriole. It is interesting to note that 
Heiderich (1910) has seen these goblet-cell centrioles in freshly teased, 
unfixed preparations of frog tissues. 

The cell of the peculiar epithelium of the unexpanded lung of the 
larval Ambystoma opacum (Fig. 18) has a pair of centrioles between the 
nucleus and the lumen, as in the other endodermal cells that have been 
described above. 

Flagellated Epithelial Tissues.—In many epithelial cells the distal 
centriole serves as a blepharoplast to which a flagellum is attached. 
Figures 20 and 21 show two such cells from the pancreatic duct. These 
should be compared with Fig. 19 from the same region. The re- 
semblance between the centrioles of these flagellated and non-flagel- 
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PLATE III 


Explanation of Figures 


Non-flagellated cell from the pancreatic duct. 

21. Flagellated cells from the pancreatic duct. 

Flagellated cell from the proximal segment of the pronephric tubule. 
Flagellated cell from segmental duct. 

Flagellated cell from the distal segment of the pronephric tubule. 
Flagellated cell from the lining of the otic vesicle. 
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lated types is very convincing evidence that they are strictly homol- 
- ogous structures, differing only in the existence of a flagellum attached 
to the distal centriole in one type. Nearly every cell in the larval 
pronephros and mesonephros is flagellated (Figs. 22, 23, and 24). 
Because this study has been made from sectioned material it has been 
impossible to determine the characteristic length of the flagellum. The 
longest I have observed was more than twice the length of that in Fig. 22. 
This cell is of further interest as being the only instance where I have 
been able to find a fibre running inward toward the nucleus from the 
proximal centriole as described by Joseph (1903) in the ureter of 
Torpedo.. In Fig. 25 is shown an example of a flagellated cell from the 
lining of the otic vesicle. 


Il. The Behavior of Centrioles during Division of the Non-granular 
Leucocytes of Amphiuma tridactylum 


The production of both granular and non-granular leucocytes in the 
adult Amphiuma takes place largely in a layer of tissue, several cells in 
thickness, lying immediately below the peritoneal investment of the 
liver. Asin any leucopoietic center, mitotic figures are frequent in this 
locality. The behavior of the centrioles during the mitosis of these 
cells has already been somewhat schematically figured and _ briefly 
described by Bélar (1926) in Salamandra; and the writer has described 
the present case in a short note without figures (Pollister, 1932a). 

The centrioles of the non-dividing leucocyte (Fig. 26) are near the 
center of a roughly spherical mass of more heavily-staining cytoplasm, 
the centrosphere. In cells with kidney-shaped nuclei the centrioles- 
centrosome-centrosphere complex is located opposite the concavity of 
the nucleus as described earlier for Ambystoma opacum (see p. 532). The 
nucleus in many instances, however, is in the form of a complete ring, 
and in such a case the sphere lies either just outside or actually within 
the hole in the ring. In either case it seems likely that Heidenhain’s 
contention that the centriole always lies approximately in the center of 
the cell expresses the situation quite clearly. These special leucocytes 
of Amphiuma are probably the largest found in any vertebrate. It is 
not infrequent to find a single cell running through as many as five 
sections, each six microns in thickness. In the plates, accordingly, no 
one cell is completely figured although in every case I have identified 
and studied the remainder of the cell in the adjacent sections. 

The condensation of chromatin prior to actual chromosome forma- 
tion has proceeded to some extent before there is any change of position 
of the centrioles (Fig. 27). During the later prophase stages the 
centrioles move apart to positions at opposite sides of the nearest 
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PLATE IV 


Explanation of Figures 


26. Non-dividing leucocyte showing sphere, centrosome, and two centrioles. 

27. Early prophase. The sphere and centrosome have disappeared. Centriole 
migration has not yet begun. 

28. Later prophase. Early stage in separation of the two centrioles. 

29. Later prophase. Intermediate stage in centriole migration. 

33. Metaphase stage. 
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PLATE V 


Explanation of Figures 


30, 31, and 32. Three successive sections of a late prophase of a leucocyte with 
a ring-shaped nucleus. Beginning of development of the central spindle between the 
two centrioles. 
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PLATE VI 


Explanation of Figures 


34, 35. Two sections of a cell in the anaphase stage. 

36. Two sister cells in early telophase. Centrioles doubled in each cell. 

37, 38. Two successive sections through two sister cells in late telophase. 
Sphere reconstituted about the centrioles in each cell. 
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adjacent part of the nucleus (Figs. 28 and 29). In the case of a cell 
with a ring nucleus the centrioles migrate in opposite diréctions through 
the hole in the ring, and when this movement is completed the centri- 
oles are no longer actually within the ring, but are located just outside 
opposite ends of the hole through the ring (Figs. 30, 31, and 32). At 
this stage, which is just before breakdown of the nuclear membrane, a 
spindle structure, the central spindle, appears between the two 
centrioles (Fig. 31). The centrioles have enlarged slightly during the 
prophase. 

In the metaphase stage (Fig .33) the centrioles are located in the 
orthodox positions at opposite ends of the spindle. They are enclosed 
within a small, apparently homogeneous region, the periphery of which 
is continuous with the slender curved spindle fibres that are attached at 
their opposite ends to the chromosomes. 

In the anaphase (Figs. 34 and 35) the centrioles are slightly smaller 
but otherwise they are exactly as in the metaphase. 

In the early telophase (Fig. 36), just as the nuclear membrane is 
developing, it can first be clearly seen that the centrioles are doubled, 
and by late telophase (Figs. 37 and 38) a sphere is reorganized around 
the two centrioles in each of the sister cells and the cytoplasm has 
returned to a condition practically like that of the resting cell of Fig. 26. 


DIscuUSSION 


In the observations just described I have given examples of centri- 
oles in a number of vertebrate tissue cells. By other workers these 
structures have been described in almost every other type of vertebrate 
and many invertebrate cells. The one outstanding exception of which 
I am aware is the striated muscle fibre, in which we have no clue to the 
presence of centrioles except the remarkable suggestion of Wolbach 
(1928) that in this cell the centrioles increase enormously in number 
and become incorporated as parts of the myofibrilla. Personally I feel 
that this suggestion awaits confirmation and additional evidence before 
it can be seriously considered. In every case that I have studied the 
centrioles are two small granules that are closely adjacent to one 
another but morphologically independent. I agree with Joseph (1903) 
in being unable to convince myself of any instance where the two are 
connected by a fibre, the so-called centrodesmus, such as has been 
frequently described. I am inclined to believe that the apparent 
demonstration of such a structure has been due in many instances to the 
difficulty of getting actually clear-cut differentiation of the centrioles 
after staining with iron hematoxylin, a situation not encountered with 
the crystal violet method. 
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In some respects the flagellated cells are of more theoretical interest 
than any other type of tissue cell. They were first seen by Zimmerman 
(1898) in the thyroid of elasmobranch fishes (an observation more 
recently confirmed by Cowdry, 1921), in the uriniferous tubules of the 
rabbit, and in the human pancreatic duct and seminal vesicle. Meves 
(1899) observed the presence of a flagellum attached to the distal 
centriole in cells of the proximal segment of the mesonephric tubule of 
the salamander. It is Joseph (1903) to whom we are indebted for the 
most comprehensive studies of these flagellated cells as well as for the 
only really excellent discussion of their theoretical significance. He 
described and figured beautifully these cells in the epithelium of the 
atrium of the adult and of the entire body epidermis of the larva of 
Amphoxus, in the kidney tubules of Torpedo, Salamandra, and the 
rabbit, and in parts of the lining of the membranous labyrinth of the 
ear of mammalian embryos. In nearly every instance Joseph found a 
thread-like structure running inward from the proximal centriole 
toward the nucleus, an observation I have been unable to confirm 
except in one type of cell. The actual function of these flagellated cells 
is not known. They occur in small number among non-flagellated 
cells in the pancreatic duct and it is difficult to believe in this instance— 
or for that matter even in the larval amphibian kidney, where they 
occur on practically every cell—that such tiny structures could actually 
be of much consequence in movement of fluid along the tubule. This 
occurred to Zimmerman and he suggested that the flagella were actually 
sensory in function, serving to detect the rate of passage of material 
along the tubule into which they project. In that case they would 
presumably be non-motile. The manner in which the flagella are 
curved, however, certainly seems to suggest that they are actively 
motile. 

What data we have on the ontogenetic and phylogenetic distribu- 
tion of flagellated cells indicates that they are of more frequent 
occurrence in the lower vertebrates and in the developmental stages. 
I can offer confirmation of this in the fact that I am unable to find 
flagella in the adult urodele (Necturus) kidney, although here the 
centrioles are clear enough in their orthodox superficial position. On 
the whole, these facts urge me to agree with Joseph in his view that 
these flagella in vertebrate cells are merely vestigial structures rem- 
iniscent of a remote ancestral type of animal which had flagellated 
cells throughout extensive areas of epithelium lining the internal 
cavities of the body. One is at once reminded of the possibility of some 
form similar to the sponges, in which the choanocyte is essentially just 
this type of cell. If one accepts this view the vertebrate flagellated 
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cells assume considerable significance since one might regard them as 
one of the most primitive vertebrate tissue cells. 

A further theoretical significance attaches to the flagellated cells 
because of the support they offer to the Henneguy-Lenhossék (Hen- 
neguy, 1897; von Lenhossék, 1898) view of the centrioles as blepharo- 
plasts from which are developed not only flagella of epithelial cells and 
the axial filament of the spermatozoén but also all ciliary processes. 
Joseph has shown examples of cells with several flagella alongside — 
others with a single process each. Such examples strongly suggest 
how, by further multiplication, a true ciliated cell might arise. The 
most recent and in many respects the most conclusive contribution to 
the Henneguy-Lenhossék hypothesis is the work of de Renyi (1924) on 
the tracheal epithelium of the human fetus. This author figures a very 
convincing closely graded series of stages in multiplication of the 
original two centrioles prior to the formation of ciliary processes. In 
its original form the Henneguy-Lenhossék hypothesis included the 
corollary that ciliated cells are incapable of mitotic division because of 
the fact that all the centrioles are, as it were, ‘“‘employed”’ as basal 
bodies attached to cilia. Much of the evidence used to combat the 
theory has attacked this very point. Various authors (for example, 
Wallengren, 1905; Erhard, 1910; Saguchi, 1917) have held that 
observations of mitotic figures in ciliated cells or the demonstration of 
centrioles that are not blepharoplasts in the non-dividing ciliated cells 
to a considerable extent invalidate the entire Henneguy-Lenhossék 
hypothesis. Critical consideration is rather destructive to many of 
these contradictory data but even if it is granted at its face value I am 
unable to see why the theory of the centrioles as the only blepharoplast 
of vertebrate tissues is not equally plausible if merely altered to assume 
either that one pair of the numerous centrioles produced prior to the 
development of cilia remains to function as division centers, or even 
that a blepharoplast centriole is capable of becoming detached from the 
cell process and going through the orthodox behavior of centrioles at 
mitosis. 

A most important consideration with respect to the centrioles of 
non-dividing cells is the question of whether they are self-perpetuating 
cell components. This problem today resolves itself practically into 
the task of proving first, that the centrioles of the non-dividing cells go 
to the poles of the spindle at mitosis, and second, that they are bodies 
persistent from a telophase of a previous division, during which they 
were formed by division of one of the parent centrioles. In view of the 
importance of obtaining crucial evidence bearing on this question, it is 
difficult to understand why there should be very few instances of this 
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sort of work. All the existent positive evidence, however, is in com- 
plete accord with the orthodox view that the centrioles reproduce 
themselves at cell-division. It is, of course, well known that in many 
instances of spermatocyte development the centriole history, including 
its multiplication, can be completely demonstrated from an early 
growth period to the spermatid. Very likely the conclusive character 
of this demonstration has made it seem that the addition of similar 
cases in somatic cells, where the task is much more difficult, was un- 
necessary. The evidence of the capacity for self-perpetuation pos- 
sessed by centrioles in a case like that of the leucocyte described in 
Part II is as conclusive as is possible from study of fixed material. 
Tschassownikow (1914) has also demonstrated with equal clearness 
the complete centriole cycle in the goblet-cell. This example is 
particularly satisfactory because the centrioles of the non-dividing 
goblet-cell have been observed in fresh material by Heiderich. Tome 
it seems that this adds the final touch necessary to make the story 
completely convincing. Ballowitz (1898) has described an equally 
good case of centriole continuity in the epithelium of Salpa. Heiden- 
hain (1907) has traced out a similar complete centriole history in the 
mitosis of the erythrocyte of the duck embryo. Very recently Wilson 
and Huettner (1931) have described complete genetic continuity of the 
centrioles in the late divisions of the egg of Drosophila. 

In addition to the complete demonstrations of centriole history 
enumerated above there are various other suggestive facts in the scanty 
literature on mitotic phenomena in somatic cells. An instance is the 
prophase phenomena in division of the pancreatic epithelium (Pollister, 
1929). In gland cells, as described on p. 5, the centrioles are located 
between the nucleus and the lumen end of the cell, nearer the latter. 
‘In the pancreas cell this region is filled with prozymogen granules 
which stain heavily with crystal violet so that it is impossible to 
determine that the centrioles are actually present in this position. 
However, by analogy with other gland cells one is reasonably safe in 
assuming the presence of centrioles inside the mass of prozymogen 
granules; and this assumption is rendered more likely by the fact that 
in the early prophase an aster and centriole appear in exactly this region 
and ultimately give rise to the centrioles and asters at the ends of the 
spindle. There is some evidence that these centrioles divide during the 
later stages of mitosis, but I do not wish at this time to stress the later 
history of the centrioles in the division of pancreatic cells due to certain 
difficulties in interpretation of the telophase phenomena.! It is at 


1 A possible suggestion as to how this problem of returning the centriole to its 
orthodox position in the non-dividing cell may be solved is offered by the work of 
Poska-Teiss, 1933. 
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any rate significant that the prophase events in the pancreas cell are 
completely in line with other cases where the complete history of the 
centrioles is demonstrable. 

Another interesting case is that of the mitotic phenomena of the 
smooth muscle cell (Pollister, 19326). The early metaphase spindle is 
at right angles to the cell axis, apparently foreshadowing a longitudinal 
splitting of the fibre in the later stages. But the cleavage ultimately 
occurs in a plane at right angles to the long axis of the fibre because of 
rotation of the spindle in the later metaphase. The position of origin 
of the metaphase spindle, which is at first sight somewhat puzzling, 
is easily understood when it is realized that in the non-dividing cell the 
centrioles are located midway along the length of the nucleus, a 
condition brought about by rotation of the chromosome plate and the 
associated centrioles in the telophase of the last division. Apparently, 
when the centrioles separate in the prophase to go to opposite sides of 
the nucleus they migrate the least distance that will bring them into 
this relationship to the nucleus. This, of course, places them on oppo- 
site sides of the nucleus midway along its length, and as a consequence 
the spindle arising between the centrioles is at right angles to the long 
axis of the nucleus and of the cell. 

In the aggregate it seems to me that this mass of data on the 
centriole history offers completely adequate support for the view that 
the animal tissue cells characteristically possess a pair of centrioles 
which perpetuate themselves at each mitotic division. 


CONCLUSION 


In concluding this short discussion of some aspects of centrioles I 
will briefly summarize what seem to be the essential facts concerning 
these components of the cytoplasm of vertebrate tissue cells. The 
centrioles are minute self-perpetuating bodies characterized by somewhat 
specific staining reactions but more by their specific location in each type of 
cell and by their behavior. Centrioles show two general characteristic 
functions: First they have the capacity of functioning as blepharoplasts at 
the bases of motile cell processes—flagella or cilia. Second, in the 
prophase of mitotic cell-division they assume positions that determine the 
orientation of the spindle—an event that is the initial visible indication of 
the bipolarity that foreshadows division into two daughter cells. 
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